9 L- 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europten des brevets 



(11) 



EP 0 771 879 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

07.05.1997 Bulletin 1997^9 

(21) Application mmber: 95921119.4 

(22) Date of filing: 07.06.1995 



(51) Int a.^: 01 2P 13/08, C12P 13/14. 
CI 2N 1/21. C12N 15/53 

(86) International application number: 
PCT/JP95/01131 

(87) International publication number: 

WO 95/34672 (21.12.1995 Gazette 1995/54) 



(84) Designated Contracting States: 
CH DEES PR GB ITUNL 

(30) Priority: 14.06.1994 JP 131744/94 

(71) Applicant: AJInomoto Co., Inc. 
Tokyo 104 (JP) 

(72) Inventors: 

• ASAKURA, Yolco 
AJInomoto Co., Inc. 
Technology & 

Kawasakl-ku Kawasakl-shI Kanagawa 210 (JP) 

• USUDA, Yoshihiro 
AJInomoto Co., Inc. 

Kawasald-lai KawasaM-shl Kanagawa 210 (JP) 

• TSUJIMOTO, Nobuharu 
AJInomoto Co.. Inc. 

Kawasaki-ku Kawasaki-shI Kanagawa 210 (JP) 

• KIIVIURA, Eilchiro 
AJInomoto Co., Inc. 
Technology & 

Kawasakl-ku Kawasakl-shI Kanagawa 210 (JP) 

• ABE. Chlzu 
AJInomoto Co., Inc. 
Technology & 

Kawasaki-ku Kawasaki-shI Kanagawa 210 (JP) 



• KAWAHARA, Yoshio 
AJInomoto Co., inc. 
Technology & 

Kawasakl-ku KawasaM-shl Kanagawa 210 (JP) 

• NAKAMATSU. TsuyoshI 
AJInomoto Co., Inc. 
Technology 

Kawasakl-ku KawasaM-shi Kanagawa 210 (JP) 

• KURAHASHI, Osamu 
AJInomoto Co., Inc. 
Central 

Kawasaki-shI Kanagawa 210 (JP) 

(74) Representative: Kolb, Heiga, Dr. Dipl.-Chem. et al 
Hoffmann, Eitle & Partner, 
Patentanwaite, 
Postfach 81 04 20 
81904 MQnchen(DE) 

The applicant has subsequently fOed a sequence 
listing and declared that it does not include new 
matter. 



CO 

o 

a 
lij 



(54) $g(a)-KETOGLUTARIC DEHYDROGENASE GENE 

(57) A corynefbrm L-glulamate producing bacte- 
rium deficient in a-ketoglutaric dehydrogenase activity; 
a process for producing L-glutamic acid by using the 
bacterium; a gene coding for an enzyme having an a- 
KGDH activity originating in the coryneform L-giutamate 
producing bacterium; a recombinant DNA containing 
the above gene; a coryneform t>acterium holding the 
above DNA; and a process for producing L-lysine by 
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Technical Held 

The present Invention relates to breeding and utilization of coryneform bacteria used for fennenlative production of 
L-glutamic acid and LHysina In particular, the present invention relates to coryneform L-glutamic add-producing bac- 
teria deficient in a-Ketoglutarate dehydrogenase (a-KGDH), a method of producing L-glutamic acid bf using the bacte- 
ria, a gene coding for an enzyme having o-KGDH activity (a-KQDH gene) originating from coryneform L-glutan* add- 
producing bacteria, recombinant DNA containing the gene, coryneform bacteria hartjoring the recombinant Dl^ and 
a method of produdng L-lysine by using coryneform bacteria harboring the recombinant DNA and having L-lysine pro- 
ductivity. 

Background Art 

L-Glutamic acid has been hitherto industrially produced by a fermentative method using coryneform bacteria 
belonging to the genus Breyibacterium or Corvnebacterium . 

Recently, it has been revealed that a mutant strain of Escherichia coli. in whicfi the a-KGDH activity is defident or 
lowered, and the glutamic acid-decomposing activity is lowered, has high L-glulamic add productivity (Japanese Patent 
Laid-open No. 5-244970). 

On tiie contrary, it was reported tiiat a mutant staain having lowered a-KGDH activity had approximately tiie same 
L-glutamic acid productivity as tiiat of its parent strain in tiie case of a bacterium belonging to the genus Brevibacterium 
(Aqric. Biol. Chem.. M, 1897 (1980), Aaric. Biol. Chem.. ^ 493 (1982)). Therefore, it has been believed tiiat the tevel 
of a-KQDH activity is not important for production of L-glutamic add in corynefcxm bacteria. 

On the other hand, it viras found that a mutant strain of a L-glutamic add-producing bacterium (belonging to the 
genus Brevibacterium having lowered a-KQDH activity produces L-glutamic add at high effidency (maximum yield of 
53%) when the bacterium is cultivated in a medium which contains a material containing an excessive amount of biotin 
as a cartson source without addition of materials which suppress an effect of biotin such as penidliins and surface-active 
agents (Japanese Patent Laid-open No. 6-23779). 

However, since it has been believed that the level of a-KGDH activity is not important for production of L-gultamic acid 
in the coryneform t>acteria as described above, there has been no example in which an a-KGDH gene of a coryneform 
L-glutamic add-produdng bacterium is doned and analyzed. Further, mutant sti^ins of coryneform bacteria being com- 
pletely defident in a-KGDH have been unknown. 

Disclosure of the Invention 

An object of the present invention is to obtain an a-KGDH gene originating from coryneform L-glutamic acid-pro- 
ducing bacteria, prepare recombinant DNA containing the gene, clarify the influence of the level of a-KGDH activity on 
fermentative production of L-glutamic acid by using microorganisms transformed with the recombinant DNA, and thus 
provide a new metfiodology in breeding of coryneform L-glutamic ackl-producing bacteria. More specifrcally, an object 
of the present invention is to obtain a coryneform L-glutamic aciQi-producing bacterium deficient in a-KGDH activity by 
destroying an a-KGDH gene existing on chromosomal DNA, and provide a metiiod of produdng L-glutamic add t)y 
using tiie bacterium. Further, the present invention is contemplated to provide a coryneform bacterium haitxving 
recont)inant DNA containing an a-KGDH gene, and a metiiod of producing L-iysine by using a coryneform Isacterium 
hariMTing tiie recombinant DNA and having L-lysine productivity. 

The present inventors have obtained an a-KGDH gene originating from a coryneform L-glutamic acidiJroducing 
bacterium, clarified its structure, transformed a coryneform L-glutamic acid-produdng bacterium by using a plasmid into 
which the gene is incorporated, and investigated tiie level of a-KGDH activity and L-glutamic add productivity of 
obtained ti^nsformants. As a result, it has been found that the a-KGDH activity remarkably affects production of L- 
glutamic add. Further, the present inventors have found that a strain, in which the a-KGDH activity is deleted by 
desf eying an a-KGDH gene existing on chromosome of a coryneform L-glutamic add-produdng taderium, produces 
and accumulates a considerable amount of L-glutamic acid virfien it is cultivated in a medium containing an excessive 
amount of biotin without adding any sutistance for suppressing tiie action of laiotin such as surfactant and penicillin. Fur- 
thermore, the present inventors have introduced recombinant DIMA containing an a-KGDH gene into a coryneform tsac- 
terium having L-lysine productivity. As a result it has been found that the L-iysine producfa'vity of an obtained 
transfbrmant is remarkat)ly improved. Thus the present invention has been completed on the basis of these ffridings. 

Namely, the present inventi'on provides: 

(1) a coryneform L-glutamic acid-produdng baderium defident in a-KGDH activnty due to occurrence of substitu- 
tion, deletion, insertion, addition, or inversion of one or more nucleotides in a nudeotide sequence of a gene coding 
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for an enzyme having a-KGDH activity or a promoter thereof existing on chromosonie; 
(2) a method of producing L-glutamic add comprising the st^'of cultivating tiie coryniefoirrn L-glutamic add-pro- 
ducing Isacterium described in the aforementioned item (1) in a liqind medium, to alfow L-glutamic add to be pro- 
duced and accumulated in a culture liquid, and collecting it; 
5 (3) an a-KGDH gene originating from a corynefbrm L-glutamic acid-produdng bacterium; 

(4) recombinant DNA obtained by Figating an a-KGDH gene originating from a coryn^rm L-glutamic acid-produc- 
ing bacterium writh a vector which functions in coryneform bacteria; 

(5) a coryneform bacterium harboring tiie recombinant DNA described in the aforementioned item (4); and 

(6) a method of produdng L-lysine comprising the steps of cultivating a coryneform bacterium hatboring the recom- 
10 binant DNA described in the aforementioned item (5) and having L-lysine productivity in a liquid medium, to allow 

L-lysine to be produced and accumulated in a culture fiquid, and collecting it 

The present invention will be further explained in detail beicw. 

The coryneform L-glutamic add-produdng bacteria refen-ed to in the present invention indude bacteria having 
IS been hitherto classified into tiie genus Brevit>acterium but united into the genus Corvnebacterium at present (Int J. 
Syst. Bacteriol.. AL 255 (1981)}, and indude baderia belonging to tiie genus Brevibacterium dosely relative to the 
genus Corvnebacterimi . Examples of such corynefomi L-glutamic acid-produdng bacteria indude ttie followings. 

Corvnebacterium acetoacidoohnum 
20 Corvnebaderium acetoglutamicum 

Corvnebaderium callunae 

Corvnebaderium glutamicum 

Corvnebaderium lilium (Corvnebaderium glutamicum) 

Corvnebaderium melassecola 
25 Brevibaderium divaricatum (Corynebaderium glutan^cum) 

Brevibaderium flavum (Corvnebaderium glutamicum) 

Brevibaderium immarioohilum 

Brevibaderium ladofermentum (Corynebaderium glutamicum) 
Brevibaderium roseum 
30 Brevibaderium saccharolyticum 
Brevibaderium thioqenitalis 
Corvn^aacterium thermoaminoaenes 

Specifically, the fdlowing baderial strains can be exemplified. 

35 

Corvnebaderium acetoaddoohilum ATCC 1 3870 

Corvnebaderium acetoolutamicum ATCC 15806 

Corvnebaderium callunae ATCC 1 5991 

Corvnebaderium glutamicum ATCC 1 3020 

Corynebaderium lilium (Corynebaderium glutamicum) ATCC 15990 

Corvnebaderium melassecola ATCC 17965 

Brevibaderium divaricatum (Corynebaderium glutamicum) ATCC 14020 
Brevibaderium flavum (Corynebaderium glutamicum) ATCC 14067 
Brevibaderium immariophilum ATCC 1 4068 
45 Brwibaderium ladofermentum (Corynebaderium glutamicum) ATCC 13869 
Prgyibacterium roseum ATCC 1 3825 
Brevibaderium saccharolyticum ATCC 14Q66 
Brevibaderium thioqenitalis ATCC 1 9240 
Corvnebaderium thermoaminogenes AJ 12340 (PERM BP-1539) 

50 

The a-KGDH gene of the present invention can be obtained as follows from chromosomal DNA of a wild strain of 
the coryneform L-glutamic acid-producing baderia described above, or a mutant strain derived therefrom. 

It is known that an a-KGDH complex of Escherichia cdi is constituted by three subunits of El {a-keloglutarate 
dehydrogenase: EC 1.2.4.2), E2 (dihydrolipoamide succinyltransferase: EC 2.3.1.61), and E3 (lipoamide dehydroge- 
65 nase: 1 .6.4.3), El and E2 genes form an operon stnidure, and E3 is shared witii pyruvate dehydrogenase (EC 1 .2.4.1). 
Nucleotide sequences of El and E2 genes of Escherichia cgli have been clarified (Eur J. Biochem.. 141. 351 (1984), 
Eur. J. Biochem.. 141. 361 (1984)). 

Also for Badllus subfiUs. nudeotide sequences of El and E2 genes have been clarified (J. Baderiol.. 171. 3667 
(1989), Sfine, 6L 217 (1987), etc.). 



3 
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Thus by utilizing homology between the nucleotide sequences of the El genes of Escherichia col} and Baciilns sub- 
tis. the present inventors have succeeded in isolation and cloning of an a-KGDH gene originating from a coryneform 
L-glutamic add-produdng bacterium. The following steps are provided therefor. 

At first a region having high honnology between El subunit genes of a-KGDH of Escherichia coli and Bacill^ ffi siA>- 
Diis is selected, and primers are synthesized according to sequences at both ends. Any of sequences Is available as 
the primers provided that they satisfy conditions that they have random nucleotide compositions, have G+C contents of 
about 50%, form no special secondary structure, arxl are not complementary to one another. Those having a length of 
20-30 nucleotides are usually used, ^edfically, ttiose shown 'm SEQ ID NOS:3 and 4 in Sequence Listing are exem- 
plified. 

Next, a probe comprising a part of an a-KGDH gene of fiaflllus subtilis is prepared from the primers and Badllus 
SUbtiUschronxjsomai DNA by using a polymerase chain reaction metiiod (PGR mettiod). Any probe having a length not 
less than about 20 nucleotides can be used, however, the probe desirably has a length not less than about 100 nude- 
otides. The probe desirat)ly has a nucleotide sequence which is complementary to a sequence of an objective gene, 
however, tiiose having high homology can be used. 

On the other harxi, chromosomal DNA of a coryneform L-glutamic acid-produdng bacterium is extracted. DNA 
fragments obtained by digestion of the chromosomal DNA with a resbldion enzyme are ligated with a vector to pr^>are 
recombinant DNA. The recombinant DNA is used to transform Escherichia coll. As tiie restriction enzyme, for exanple. 
BamHI. EsqRI, 2(hQl and so on are used. As the vector, tiiose originating from Escherichia coll. for example, pUGl9 and 
pBR322 are used. Any bacterial strain which is suitable tor replication of vectors, is availatsle as a recipient strain for tiie 
recombinant DNA. For example, bacterial strains of Escherichia coli such as HB1 01 . JM109, and DH5 are used. 

From transformants thus obtained, strains which hybridize with the prc^e DNA are selected by means of colony 
hybridization, and recomb'nant DNA is recovered from such transformants. Structures of restriction enzyme fragments 
of chromosomal DNA of the coryneform L-giutamic acid-produdng bacterium ligated vrith the vector are analyzed. 

An obtained DNA fragment does not necessarily contain an entire length of a gene coding for an objective enzyme. 
In such a case, the chromosomal DNA of tine coryneform L-glutamic acid-produdng bacterium is cut with another 
restriction enzyme, which is ligated with a vector to prepare recombinant DNA. The recombinant DNA is used to per- 
form transformation. Selection by colony hybridization, and analysis of resb'iction enzyme fragments are performed in 
the same manner as desaibed above. Thus a DNA fragment containing an entire length of the a-KGDH gene can be 
obtained. During this operation, tiie colony hybridization can be performed more easily by using the f irstiy obtained DNA 
fragment as a probe. 

The DNA fragment containing tiie a-KGDH gene can be introduced into coryneform L-glutamic add-producing bac- 
teria after making recombination again with another appropriate vector. The vector to be used is, for example, a plasmid 
autonomously replicable in bacteria belonging to the genus Corynebactgriuni . Specifically, there are exemplified 
pAfy/1330 (Japanese Patent Laid-open No. 58-67699). pHM1519 (Japanese Patent Laid-open No. 58-77895), pAJ655. 
pAJ611. PAJ1844 (Japanese Patent Laid-open No. 58-192900 for ttie ttiree), pGGI (Japanese Patent Laid-open No. 
57-134500). pCG2 (Japanese Patent Uid-open No. 58-35197). pCG4. pCGII (Japanese Patent Uid-open No. 57- 
183799), pHK4 (Japanese Patent Laid-open No. 5-7491) and ttie like. 

In order to prepare the recombinant DNA by ligating the vector described above with ttie a-KGDH gene of the 
coryneform L-glutamic addisrodudng bacterium, tiie vector is previously cut witii a restriction enzyme. The cutting is 
perfonned with tiie same restriction enzyme as that used for cutting tiie chromosomal DNA. Alternatively, tiie cutting is 
performed with a restriction enzyme which produces cut faces complementary to cut faces of tiie chromosomal DNA 
fragment. Ligation is commonly performed by using a ligase such as T4 DNA ligase. 

Introduction of varfous recombinant DNA into a redpient is conducted in accordance with a transformation method 
having been reported until now. For example, tiiere is a mettiod in which permeability of DNA is increased by treating 
redpient cells witii caldum chloride (J. Mol. Biol.. 53. 1 59 (1970)) as reported for Escherichia coli K-12, and ttiere is a 
method in which competent cells are prepared from cells in a propagating stage to introduce DNA as reported for Badl- 
lus siMis (G. H. Gene. 1. 1 53 (1 977)). Alternatively, it is also possible to apply a method in which recon*)inant DNA is 
introduced into a DNA recipient after converting cells of the DNA recipient Into a state of protoplasts or spheroplasts 
which easily incorporate recombinant DNA, as known for Bacillus subtilis. actinomycetes. and yeast (Molec. Gen. 
GeOfiL 162. 1 1 1 (1979). Nature. 274. 398 (1978), Proc. Natl. Acad. Sd. USA. 25. 1929 (1978)). 

In ttie protoplast method, a suffidentiy high frequency can be obtained even in the case of tiie method used in 
Bacillus subtilis described above. However, as disclosed in Japanese Patent Laid-open No. 57-183799. it Is also possi- 
ble to utilize a method wherein DNA is incorporated in a state in which protoplasts of baderial cells belonging to the 
genus Corvnebacterium are brought into contact witii divalent metal ion and one of polyethylene glycol and polywnyl 
alcohol. Incorporation of DNA can be also fadlitated by adding carlxjxymethyl cellulose, dextran. Hcoll. Bruronic F68 
(produced by Selva Co.) and tiie like, instead of polyethylene glycol and polyvinyl alcohol. The mettiod for tiiansforma- 
tion used in Examples of the present invention is an electric pulse method (see Japanese Patent Laid-open No. 2- 
207791). 

A tjacterial sb-ain thus obtained, into which the recombinant DNA containing the a-KGDH gene originating from the 
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coryneform L-glirtam'c add-produdng bacterium has been intrcxluced. is cultivated in an ordinary medium containing 
a carbon source, a nitrogen source, inorganic salts, and optionall/ organic trace nutrients. Thus an enzyme having a- 
KGDH activity can be produced in cells at a high level. 

Saccharide such as glucose, sucrose, waste molasses, and starch hydrolysate, as well as organic acids such as 
acetic acid and citric acid, and alcohols such as etheinol are used as the c£u1x>n source Urea, ammonium salts, aque- 
ous ammonia, ammonia gas and so on are used as the nitrogen source. Phosphates, potassium salts, magnesium 
salts, iron salts, manganese salts and so on are used as the inorganic salt Amino acids, vitamins, fatty acids, nucleic 
acids, as well as peptone, yeast extract soybean protein lydrolysate arxl so on containing them are used as the 
organic trace nutrient 

Cultivation is performed under an aerobic condition for 10-40 hours at a temperature of 25-37*0 while controlling 



After completion of the cultivation, L-glutamic add produced and accumulated in a culture liquid is quantitatively 
deternflned, and the level of a-KGDH activity of bacterial cells is measured. The activity can be measured in accord- 
ance with a method described in Agric. Biol. Chem.. M. 1 897 (1 980) or the like using a sample djtalned such that bac- 
terial cells recovered from a culture ttirough an operab'on of centrifugation or the like are ground by a sonication 
treatment, a French Press fc-eatment or tiie like, subsequently cell debris is removed by centrifugation, and low molec- 
ular weight sul>stances are removed gel filtration. 

Thus tiie relationship between tiie level of o-KGDH activity and the L-glutamic acid productivity has been investi- 
gated for ttie coryneform L-glutamic acid-producing bacterium with the amplified gene and a bacterium without tiie 
amplified gene. As a result it has been revealed that ttie L-glutamic acid productivity decreases in tiie bacterium in 
which tfie level of a-KGDH activity is increased by amplification of the gene, as shown in Reference Example 1 
described below. 

Utilization of the gene of the present invention includes preparation of a-KGDH activity-def ident sti^ins by insertion 
of a drug-relevant gene or tiie like, preparation of strains witti weak activity in vitro mutation, preparation of expression- 
lowered strains by modif fcation of a promoter and so on, which makes it possible to effidently breed a bacterial strain 
in which the L-glutamic acid produch"vity is furtiier improved as compared witfi conventional coryneform L-glutamic add- 
produdng bacteria. 

A sti^in defkdent in a-KGDH activity can be obtained eitfier by a mettiod which uses a chemical reagent to induce 
mutation, or by a method which resides in genetic recombination. However, in the case of the method for irtrodudng 
mutation by using a chemical reagent it is relatively easy to obtain a strain in which the a-KGDH activity is lowered, but 
it is difficult to obtain a strain in which tiie activity is completely defident. In order to obtain the latter strain, it is advan- 
tageous to use a method in which an a-KGDH gene existing on chromosome is modified or destroyed by means of a 
genetic homologous recombination method on the basis of the sti-ucture of the a-KGDH gene having been clarified as 
described above. Destruction of a gene by homologous recombination has been already established, for which It Is pos- 
sible to utilize a metiiod which uses linear DNA. a mettiod which uses a temperature-sensitive plasmid and so on. 

Specifically, substitution, deletion, insertion, addition or inversion of one or a plurality of nucleotides is caused in a 
nudeotide sequence in a coding region or a promoter region of tiie a-KGDH gene by means of a site-directed muta- 
genesis method (Kramer. W and Firits, H. J., Mettiods in Enzymolooy. 154. 350 (1987)) or a treatment with a chemical 
reagent such as sodium hyposutfite and hydroxylamine (Shortie, D. and Nathans. D.. Proc. Nati. Acad. Sd. U.S.A.. 25. 
270 (1978)). The gene thus modified or desti-oyed is used to substitute a normal gene on chromosome. It is thereby 
possible to delete the activity of a-KGDH as a gene product, or extinguish ti-anscription of the a-KGDH gene. 

The site-directed mutagenesis method is a method which uses a syntiietic oligonucleota'de. which is a technique to 
make it possifcile to introduce optional substitution, deletion, insertion, addition or inversion into only optional limited 
base pairs. Upon the use of ttiis mettiod, at first a plasmid cloned and having an objective gene witii a determined 
nudeotide sequence of DNA is denatured to prepare single strands. Subsequentiy a synttietic oligonudeotkle comple- 
mentary to a portion contemplated to cause mutation is synthesized. However, the synthetic oligonucleotide is not 
allowed to have a completely complementary sequence, but it is allowed to have optional nucleotide substitution, dele- 
tion, insertion, addition or inversion. The single sto-and DNA is ttien annealed with ttie synttietic oligonudeotide having 
optional nucleotide substitution, deletion, insertion, addition or inversion. A complete double strand plasmid is synthe- 
sized by using a Wenow fragment of DNA polymerase I and T4 ligase, and it is introduced into competent cells of 



EsQhgricNa soli. Some of t-ansformants ttius obtained have plasmids containing genes in which the optional nucleotide 
sut)stitution, deletion, insertion, addition or inversion is fixed. A similar metiiod which enables introduction of mutation 
of a gene to provide nrodification or destruction indudes a recombinant PGR method (PGR Technology, Stockton press 



On the otiier hand, the mettiod which uses the chemical reagent treatment is a mettiod in wrhich a DNA fragment 
containing an objective gene is directty treated with sodium hyposuK ite, hydroxylamine or ttie like, whereby mutation 
having nucleotide substitution, deletion, insertion, addition or inversion is randomly introduced into the DNA fragment 

The method for substituting a normal gene on chromosome of a coryneform L-glutamic acid-produdng bacterium 
witti ttie gene tiius obtained by introduction of mutation to give modification or desti-uction Indudes a metiiod which uti- 



pHat5-9. 



(1989)). 
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lizes homologous recombination (Fv pftrimems in M»'«>"»lar Genetics. CtoW Spring Harbor Laboratory press (1972): 
Matsuyama. S. and MIzushima. &. J. Bacterid.. iSL 11 96 (1985)). In the homologous recombination. vAi&n a p^asmid 
or the like including a sequence having honfx)logy to a sequence on chromosome is intoduced bito a bactwial cell, 
recorribination takes place at a certain frequency at a portion of the sequence having homology, and the entire Intro- 

5 duced plasmid is incorporated into the chromosome. When further recombination takes place thereafter at a portion of 
the sequence having honwlogy on the chromosome, the plasmid is again separated from the chromosome and falls off. 
At this time, depending on a position at which the recombination takes place, a gene with introduced mutation is occa- 
sionally fixed on the chromosome, arxJ an original normal gene is eliminated and falls off from the chromosome together 
with the plasmid. Selection of such bacterial strains makes it possible to obtain a bacterial strain in which a normal gene 

io on the chromosome is substituted with a gene into which nucleotide substitution, deletion, insertion, adcfit'on or inver- 
sion is introduced to provide modification or destruction. 

A corynefbrm L-glutamIc add-producing bacterium deficient in a-KGDH activity thus obtained is remarkably more 
excellent in L-glutamic add productivity especially in a medium containing an excessive amount of biob'n than strains 
having partially lowered a-KGDH activity. 

IS In order to produce and accumulate L-glutamic acid by using the coryneform L-glutamic add-produdng bacterium 
defident in a-KGDH activity, the bacterium is cultivated in a liquid medium containing a carbon source, a rutrogen 
source, inorganic ions, and other nutrients. Conventionally, when the cultivation is performed in a liquid mecSum con- 
taining an excessive amount of biotin, it has been necessary to add a substance for suppressing biotin action, that is 
penicillin such as penicillin G, F, K. O. V or X. or a surfactant comprising Wgher fatty acid such as sucrose monopalmi- 

20 tate and polyoxyethylene sorbitan monopalmitate or a derivative thereof to the medium, in order to produce L-glutamic 
acid at a high yield. However, wrtien the coryneform L-glutamic add-producing bacterium of the present invention defi- 
dent in a-KGDH activity is used, L-glutamic acid can be produced and accumulated at a high yield with high accumu- 
lation without adding any substance for suppressing biotin action as desaibed alxive even if the cultivation is performed 
in a liquid nutrient medium containing a high concentration of biotin of 10-1000 jig/L 

25 Namely, as the car1x)n source, it is also possifc>le to use raw materials containing excessive biotin such as sugeir 
liquid from sweet potato and beet or waste molasses, in addition to glucose, fructose, saccharified starch solution, ace- 
tic acid, etc. Ammonium salts, aqueous ammonia, ammonia gas, urea, etc. which are used for ordinary L-glutamic acid 
fermentation, are used as the nitrogen source. Additionally, inorganic ions such as phosphates and magnesium salts 
are appropriately used, if necessary. Trace nuti'ients such as thiamine are appropriately added to ttie medium, if neces- 

30 sary 

The cultivation is preferably performed under an aerobic condition. The cultivation temperature is preferably con- 
trolled to 24-42''C, and pH is preferably controlled to 5-9 during cultivation. Inorganic or organic, addic or alkaline sub- 
stances, as well as urea, calcium carbonate, ammonia gas. etc. can be used for adjustment of pH. 

The metiiod for collecting L-glutamic acid from a culture liquid is carried out by suitably combining known methods 
35 such as fon exchange resin f eatinents and crystallization. 

In order to inprove the L-glutamic add productivity, it is advantageous to enhance glutamic acid biosynthetic 
genes. Examples of enhancement of tiie glutamic acid biosynthesis system genes include phosphofructoWnase in the 
glycolytic patiiway (PFK, Japanese Patent Laid-open No. 63-102692), phosphoenolpyarvate carboxylase in tiie ana- 
plerotic pathway (PEPC. Japanese Patent Laid-open Nos. 60-87788 and 62-55089). citrate synthase in the TCA cyde 
40 (CS, Japanese Patent Laid-open Nos. 62-201585 and 63-1 19688), aconitate hydratase (AGO, Japanese Patent Laid- 
open No. 62-294086). isodfrate dehydrogenase (ICDH, Japanese Patent Laid-open Nos. 62-166890 and 63-214189). 
glutamate dehydrogenase for amination reaction (GDH. Japanese Patent Laid-open No. 61-268185). and so on. 
In order to obtain tiie genes described above, tiie following metiiods may be available. 

« (1) As a mutant sti-ain in which mutation arises in an objective gene and a characteristic character is presented, a 
mutant strain is obtained wherein the charader disappears by irtroducing the objective gene. A gene which com- 
plements the character of the mutant strain is otitained from chromosome of a coryneform bacterium. 

(2) When an objective gene has been already obtained from another organism, and its nucleotide sequence has 
been clarified, tiie objective gene is obtained by a technique of hybridization using DNA in a region having high 

50 homology as a probe. 

(3) When a nudeotide sequence of an objective gene is fairly clarified in detail, a gene fragment containing tiie 
objective gene is obtained by means of a PGR metiiod (polymerase chain reaction metfiod) using chromosome of 
a corynefbrm isacterium as a template. 

55 The methods described alxjve may be used as a metiiod for obtaining chromosome used herein. Any host-vector 
system may be used provided that it is available for coryneform tacteria. for which those described above are used. In 
Examples of the present invention, the method of (3) described above has been used, which is effective for a case in 
which the nucleotide sequence has been already clarified. 

When the gene is obtained in accordance witti the methods of (2) and (3) described above, if an objective gene has 
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no original promoter, the otqective gene can be expressed by inserting a DMA fragment having promoter activity in 
corynefbrm bacteria into a position upstream from the objective gene. In order to enhance expression of the objective 
gene, it may be available to Rgate the objective gene at a position downstream from a strong promoter. Strong promot- 
ers, which function in cells of coryneform bacteria, include !g£ pronxjter, fes promoter, feu promoter, etc. from 
EgghgricHa £52!i (Y. Morinaga, M. Tsuchiya. K. Miwa and K. Sano, J. Biotech.. 5. 305-312 (1987)). In addition, ^ pro- 
moter from a tacterium belonging to the genus Corvnebacterium is also a preferable promoter (Japanese Patent Laid- 
open Na 62-1 95294). In Examples of the present invention. Iqj promoter from a corynefbrm bacterium has been used 
for expression of the PEPC gene. 

Amplification of the a-KGDH gene of the present invention is useful in corynefbrm bacteria having L-lysine produc- 
tivity for improving their productivity. 

Various artificial mutant strains have been hitherto used as L-lysine-produdng bacteria. Their Uysine prockjdivity 
can be improved by using them as a host and allowing them to harisor the recombinant DNA of the present invention. 
Such artif icial mutant strains include the following: a mutant strain which is resistant to S-(2-amtnoethyl)-cysteine (here- 
, inafter abbreviated as "AEC"); a mutant strain which requires an amino add such as L-homoserine for its growth (Jap- 
anese Patent Publication Nos. 48-28078 and 56-6499); a mutant strain wfiich exhibits resistance to AEC and requires 
an amino acid such as L-leudne, L-homoserine. L-prdine, L-serine. L-arginine, L-alanine. and L-valine. (United States 
Patent Nos. 3.708,395 and 3.825,472); an L-lysine-produdng mutant strain which exhibits resistance to DL-a-amino-e- 
caprolactam. a-amino-lauryllactam. aspartate analog, sulfa drug, quinoid. and N-lauroylleudne: an L-lysine-produdng 
mutant strain which exhibits resistance to inhtoitors for oxaloacetate decarboxylase or respiratory system enzymes 
(Japanese Patent Laid-open Nos. 50-53588. 50-31093. 52-102498. 53-9394. 53-86089. 55-9783. 55-9759. 56-32995, 
56-39778. and Japanese Patent Publication Nos. 53-43591, 53-1833); an L-lysineisrodudng mutant strain wrtiich 
requires inositol or acetic acid (Japanese Patent Laid-open Nos. 55-9784 and 56-8692); an L-lysine-producing mutant 
strain which exhibits sensitivity to fluoropyruvate or temperature not less than 34*0 (Japanese Patent Laid-open Nos. 
55-9783 and 53-86090); a mutant strain of Brevibacterium or Corvnebacterium which exhibits resistance to ethylene 
glycol and produces L-lysine (see United States Patent Na 4.41 1 ,997) and so on. 

Specifically, the fdlowing strains can be exemplified. 

Brevibacterium lactofermentum AJ12031 (FERM-BP 277, see Japanese Patent Laid-open Na 60-62994) 
Brevibactgrium lactofermentum ATCC 391 34 (Japanese Patent Laid-open Na 60-62994) 
Corvnebacterium olutamicum AJ3463 (FERM-P 1987. Japanese Patent Publication Na 51-34477) 
Brevibacterium lactofermentum AJ12435 (FERM BP-2294. United States Patent Na 5.304,476) 
Brevibacterium lactofermentum AJ12592 (FERM BP-3239, United States Patent Na 5,304,476) 
Corvnebacterium olutamicum AJ12596 (FERM BP-3242. United States Patent Na 5,304.476) 

Introduction of the a-KGDH gene into such an L-lysine-produdng bacterium may be performed through ligation 
with an appropriate vector as described above. 

The medium to be used for L-lysine production is an ordinary medium containing a carbon source, a nitrogen 
source, inorganic ions, and optionally other organic trace nutrients. Saccharide such as glucose, lactose, galactose, 
fructose, and starch hydrolysate. alcohols such as ethanol and inositol, and organic adds such as acetic add, fumaric 
acid, citric acid, and succinic add can be used as the cartxjn source. Inorganic ammonium salts such as ammonium 
sulfate, ammonium chloride, and ammonium phosphate, organic nitrogen such as soybean hydrolysate, ammonia gas. 
aqueous ammonia, etc. can be used as the nitrogen source. Small amounts of potassium phosphate, magnesium sul- 
fate, iron ion, manganese ion, etc. are added as the inorganic ioa Appropriate amounts of required substance such as 
vitamin B, , yeast extract etc. are desirably contained as the organic trace nutrient, if necessary 

The cultivation is preferably earned out under an aerobic condition for 16-72 hours. The cultivation temperature is 
controlled to 30-45°C, and pH is controlled to 5-8.5 during cultivation. Inorganic or organic, addic or alkaline sub- 
stances, as well as ammonia gas can be used for pH adjustment. 

Colledion of L-lysine from a fermented liquid can be usually carried out by combining known methods such as an 
ion exchange resin method, a predpitation method and so on. 

Brief Description of the Drawings 

Fig. 1 is a restriction enzyme map of a DNA fragment containing an a-KGDH gene. 

Description of Preferred Embodiments 

The present invention will be more concretely explained below with reference to Examples. For restriction enzymes, 
commerdally available products (produced by Takara Shuzo Co., Ltd.) were used. 
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Example 1: IsolaHon and Structural Determination of «-KGDH Gene 



Preparation of probe 

A region having high homology between E1 subunit genes of a-KGDH of Eschepchia coll and Bacillug subtife was 
selected, and oligonucleot'des shown in SEQ ID NOS:3 and 4 In Sequence Listing were synthesized by using a DNA 
synthesizer (Model 394 produced by Applied Biosystems) in accordance with a phosphoamidite method. 

The oligonucleotides (0.25 nmole) as primers, chromosomal DNA Of Bacillus subtilis NA64 (0.1 jig) prepared In 
accordance with an ordinary method (this strain was obtained from Bacillus Genetic Stock Center (Ohio Uruversity, the 
United States)) as a template, and Hag DNA polymerase (2.5 units) (produced by Takara Shuzo Ca, Ltd.) were added 
to 0.1 ml of 10 mM Tris-HQ buffer (pH 8.3) containing each 200 nM of dATP, dCTP, dGTP, dTTP. 50 mM of potassium 
chloride. 1.5 mM of magnesium chloride, and 0.0001% of gelatin. A PGR method was performed in which a cyde com- 
prising 1 minute at 94''C. 2 minutes at 55*C, and 3 minutes at 72*'C was repeated 30 times. A reaction solution was sub- 
jected to agarose gel electrophoresis, and an objective DNA fragment was recovered by using glass powder (produced 
by Takara Shuzo Ca. Ltd.). The DNA fragment was labeled in accordance with an ordinary method of labeling by using 
a Wenow fragment (produced by Amersham) and [a-^^dCTP] (produced by Amersham). and used as a probe. 

(2) Preparation of chro mosomal DNA fragments of Brevibacterium lactofennentum ATCC13869 

Brevibacterium lactofennentum ATCC13869 vras inoculated to 500 ml of a T-Y medium (pH 7.2) conprislng 1% 
Bacto Tryptone (made by Difco), 0.5% Bacto yeast extract (made by Difco). and 0.5% sodium chloride, and cultivated 
at 31.5''C for 6 hours to obtain a culture. The culture was centrifuged at 5.000 rpm for 10 minutes, and 2 g of wet cell 
pellet was obtained as a predpitate. 

Chromosomal DNA was extracted from the cell pellet in accordance with a method of Saito and Miura (Biochem, 
BiQphys. Acta,, 72, 61 9 (1 963)). The chromosomal DNA (2 ng) and a restriction enzyme EcoRI (200 units) were respec- 
tively mixed with 50 mM Tris-HQ buffer (pH 7.5) containing 10 mM magnesium chloride, 100 mM sodium chloride, and 
1 mM dithiothreitol, and reacted at a temperature of 37»C for 15 hours. After completion of the reaction, the solution was 
subjected to a phenol extraction treatment in accordance with an ordinary method, and subjected to an ethanol predp- 
itation treatment to obtain chromosomal DNA fragments of Brevitaacterium lactofennentum ATCC13869 digested with 
IcqRI. 

(3) Isolation of a-KGDH gene of Brevibacterium lactofennentum ATCC13869 

A plasmid vector pUCIS (produced by Takara Shuzo Ca. Ltd.) (1 ng) and a restriction enzyme EsaHl (20 units) 
were mixed witti 50 mM Tris-HCI buffer (pH 7.5) containing 10 mM magnesium chloride. 100 mM sodium chtoride, arxl 
1 mM dithiothreitol. and reacted at a temperature of ST'C for 2 hours to obtain a digested solution. The solution was 
subjected to phenol extraction and etiianol precipitation in accordance with an ordinary metiiod. Subsequently, in order 
to prevent DNA fragments originating from tiie plasmid vector from religation. the DNA fragments were dephosphatized 
by means of a bacterial alkaline phosphatase ti-eatment in accordance with a method of Molecular Cloning . 2nd edition 
(J. Sambrook, E. F. Fritsch and T. Maniatis. CoW Spring Hartxx Laboratory Press, pi. 60 (1989)). followed by a phenol 
exb'action treatment and ethanol precipitation in accordance with an ordinary method. 

pUC18 thus digested with EegRI (0.1 ^g). the chromosomal DNA fragments of Brevibacterium lactofermentum 
ATCC13869 digested with EsfiRI obtained in (2) (1 ng). and T4 DNA ligase (1 unit) (produced by Takara Shuzo Ca. 
Ltd.) were added to 66 mM Tris-HCI buffer (pH 7.5) containing 6.6 mM magnesium chloride. 10 mM d'rthiothreitol. and 
10 mM adenosine ti-iphosphate, and reacted at a temperature of 16''C for 8 hours to ligate DNA. Subsequently the DNA 
mixture was used to transform Escherichia jajli JM1 09 (produced by Takara Shuzo Co.. Ltd.) in accordance with an ordi- 
nary metiiod, which was spread on an L agar medium containing 100 ng/ml of ampicillin to obtain about 10.000 ti^ns- 
formants. 

A ti«nsformant. which hybridized witti the probe DNA obtained in (1), was selected from the obtained transformants 
in accordance with a metiiod of Molecular Cloning. 2nd edition (J. Sambrook. E. F Fritsch and T. Maniatis, CoH Spring 
Harbor Laboratory Press, pi. 90 (1 989)). 

(A) Detenni nation of nucleotide seouence of n-KGDH oene of Brevibacterium lactofermentum ATCC13869 

Plasmid DNA was prepared from tiie transformant obtained in (3) in accordance with an alkaline baderiolysis 
method described in Molecular Cloning. 2nd edition (J. Sambrook, E. F. Fritsch and T. Maniatis, Coki Spring HariXM" 
Lat)oratory Press, pi. 25 (1989)). The plasmkJ DNA contained a DNA fragment of about 6 Wlobases originating from 
chromosomal DNA of Brevibaderium lactr^fe rmentum ATCC13869. The plasmid was digested vntti resbiction enzymes 
EsqBI and Xho l by using the reaction conposition in (3), followed by agarose gel eledrophoresis in accordance with an 
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ordinary method. Southern hybridization was performed in the same manner as (3) to identify a fragment which hytxid- 
ized with the protje DNA. As a result It was revealed that a cut fragment of about 3 k'lobases digested with Eco RI and 
Xho l hybridized. The DNA fragment was ligated with a plasmid vector pHS397 (produced by TaKara Shuzo Ca. Ltd.) 
digested with Eco RI and Xho l as done in (3), and cloned. Obtained plasmid DNA was used to deternrune the nucleotide 
sequence of the DNA fragment. Nucleotide sequence deterrranation was performed in accordance with a method of 
Sanger (J. Mol. Biol.. 143. 161 (1980)) by using Taq DyeDeoxy Terminator Cycle Sequendng Kit (produced by Applied 
Biochemical). 

Since the obtained DNA fragment did not contain a conrplete open reading frame, transformation was performed 
with a recomtiinant plasmid obtained by cutting chromosomal DNA of Brevibacterium lactoferm^iitum ATCC13869 with 
2Q]qI, and ligating it with pHSG397 as done in (3). A hyt)ridizing transfbrmant was selected by using a probe obtained 
by labeling the £saRI-2Q]fil cut fragment of about 3 kilobases originating from chromosomal DNA of Brcvibacteriutn 
lactofermentum ATCC13869 obtained in (2) in accordance with the method in (1). A plasmid hartwred by the obtained 
transformant contained a DNA fragment of about 9 kilobases. A restriction map of a gene containing the DNA fragment 
is shown in Rg. 1. The plasmid was digested with restriction enzyme Sail and Xho l by using the reaction conposition 
in (3), followed by agarose gel electrophoresis in accordance with an ordinary method to identify the hybridizing frag- 
ment in accordance with the method in (3). As a result a fragment of about 4.4 kilobases was revealed. The DNA frag- 
ment was ligated with a plasmid vector pHSG397 digested with gall and Xho l as done In (3), and cloned. This plasntid 
was designated as pHSGS-X. A nucleotide sequence of a DNA fragment of about 1.4 Mlobase from a ^1 cut site to 
an Eco RI cut site in the Sall -Xho l cut fragment contained in the plasmid was determined in the same manner as 
described atxive. 

The nucleotide sequence of the Sall- Xho l cut gene fragment thus obtained is as shown in SEQ ID N0:1 in 
Sequence Listing. An open reading frame has been estimated, and an amino acid sequence of a product deduced from 
its nucleotide sequence is shown in SEQ ID N0S:1 arxJ 2 in Sequence Listing. Namely, the gene coding for a protein 
comprising the amino add sequence shown in SEQ ID N0:1 in Sequence Listing is tiie a-KGDH gene of Brewitwcte- 
rium lactofermentum ATCC13869. The methionine residue located at the N-terminal of a protein originates from ATQ 
as a start codon, and ttius it is often irrelevant to an original function of the protein. It is well-known that such a methio- 
nine residue is eliminated by tiie action of peptidase after translation. Accordingly, the protein menta'oned above also has 
a possit}ility of occurrence of elimination of methionine residue. 

The nucleotide sequence and the amino acid sequence were respectively compared with known sequences with 
respect to homology Used data bases were EMBL and SWISS-PROT. As a result it has been revealed that tiie DNA 
and the protein encoded by it shown in SEQ ID N0:1 in Sequence Listing are a novel gene and a novel protein in 
coryneform bacteria having homology to El sutxjnit gene of a-KGDH and so on of Escherichia coll and Bacillus subtilis 
having been already reported. 

The protein encoded by the gene of tiie invention comprises 1 ,257 amino acids including a methionine residue at 
the N-terminal, and has characteristics greatly different from those of a-KGDH already reported. Namely, about 900 
amino acids on the C-terminal side exhibit high homology to various El subun'rts. however, 300 amino acWs on tiie N- 
terminal side cannot be found in a-KGDH of other species, suggesting that the protein of the invention has a special 
function. By comparing the portion of 300 amino add on tiie N-terminal side with known sequences for homology, the 
portion has been found to have homology to E2 subun'rt of Escherichia coli and bacteria belonging to the genus Azoto- 
t2acteL This suggests a possibility that the protein of tiie invention is different from a-KGDH of ottier species, and has 
both activities of El and E2. 

In addition, sequences (281-286 and 307-312) similar to common promoter sequences found in Escherichia coli. 
and a sequence (422-428) similar to a ril^osome-binding sequence of coryneform bacteria have been found at posib'ons 
upsti-eam from the open reading frame of tiie gene of the invention. A stem & loop structure (4243-4281) sindlar to a 
transcription termination signal has been found at a position downstream from the open reading frame of tiie gene of 
the invention. These sequences suggest that the gene of tiie invention independentiy undergoes transcription arxi 
translation, and has a genetic structure different from those of a-KGDH of other species. 

Example 2: Amplification of a-KGDH Activity by Expression of a-KGDH Gene Originating from Brevibacterium lactofer- 
mentum ATCC1 3869 

(1) Introduction of a-KGDH oene into Brevibacterium lactofermentum ATCC 13869 and AJ1 1060 

The pHSGS-X plasmid DNA (1 ^g) obtained in Example 1, and restriction enzymes Sail and Xhp l (each 20 units) 
were mixed in the txiffer described in (3) in Example 1, and readed at a temperature of 37°C for 3 hours. On the other 
hand, plasmid pPK4 (refer to Japanese Patent Laid-cpen No. 5-7491) DNA (1 pg) autonomously replicable in bacteria 
belonging to the genus Brevibacterium and Sail (20 units) were mixed in the buffer described in (3) in Example 1 , and 
reacted at a temperature of 37''C for 3 hours. The both reaction solutions were subjeded to phenol exb-action arxi eth- 
anol precipitation in accordance vinth an ordinary method. Subsequentiy, in order to prevent DNA fragments originating 
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from the plasmid vector from religation, the DNA fragments were dephosphatized by means of a bacterial alkaline phos- 
phatase treatment by using the method of Example 1 (3), followed by a phenol extraction treatment arxl ethand precip- 
itation In accordance with an ordinary method. pPK4 (0.1 ^g) digested with Sail. pHSGS-X plasmid DNA (0.5 |ig) 
digested with S3II and Xho l obtained as described above, and T4 DNA ligase (produced by Takara Shuzo Ca, Ltd.) (1 
unit) were mixed in the buffer desaibed in Example 1 (3). and reacted at a temperature of IG'C for 8 hours to ligate 
DNA. Next the DNA mixture was introduced into Brevibacterium lactofermentum AJ11060 (Japanese Patent Publica- 
tion Na 59-10797) in accordance with an ordinary method of transformation using an electric pulse method (Japanese 
Patent Laid-open Na 2-207791). An ot>tained solution was spread on an agar medium conprising 1% polypeptone. 1% 
yeast extract, 0.5% sodium chloride, 0.5% glucose, and 25 (ig/rnl kanamycin to obtain a transfbrmant AJ1 1060yjpPKS- 
X. This transformant was designated as Brevibacterium lactofermentum AJ 12999, and deposited In National Institute 
of Bioscience and Human Technology erf Agency of Indusfrial Science and Technotogy on June 3, 1994, as depoation 
number of PERM P-14349, arxl transfen'ed from the original deposition to international depos'rtton baseti on Budapest 
Treaty on June 2. 1995, and has been deposited as depositton number of PERM BP-5123. 

Plasnvd DNA was exfracted from the obtained fransfbrmant in accordance with Example 1 (4), and agarose gel 
elecfrophoresis was performed in accordance with an ordinary method. Thus recombinant DNA was selected in whtoh 
the Sall-JflbQl fragment originating from Previbacterium lactofermentum ATCC1 3869 was ligated with the plasmid pPK4. 
The obtained plasmkJ was designated as pPKS-X. 

A fransfbrmant ATCC 13869/pPKS-X was obtained in the same manner using Brevitacterium lactofermentum 
ATCC 13869 as a host 

12) Enzyme activity of sfrain with amplified a-KGDH oene 

Breyitaacteriurn lactofermentum AJIIOSO/iaPKS-X and ATCC 13869y)DPKS-X obtained in (1) were Inoculated to 50 
ml of a medium (ptH 8.0) comprising 8% glucose, 0.1% potassium dihydrogenphosphate, 0.004% magnesium sulfate, 
3% ammonium sulfate, 0.001% ferrous sultete, 0.001% manganese sulfete, 0.05% soybean hydrdysate solution, 200 
^g/l vitamin B^, 300 (ig/l biotin, 5% calcium carix>nate, and 25 mg/l kanamycin, and cultivated at 31.5°C for 18 hours. 
The culture liquki was centrifuged in accordance with an ordinary method, and cell pellet was collected. 

The cell pellet was washed by repeating twice an operation comprising suspending the cell pellet in a 0.2% potas- 
sium chlorkle solution, and performing centrifugation. The cell pellet was susperxled in a 0.1 M buffer (pH 7.7) of N- 
Tris(hydroxymethyl)methyl-2-amino ethanesuHbnic acid (hereinafter refened to as TES) containing 30% glycerol, and 
treated with sonication, followed by cenfrifugation at 15,000 rpm for 30 nv'nutes to obtain a supernatant This cell lysate 
was subjected to Sephadex Q-25 (produced by Pharmacia) column chromatography, and low nwlecular weight sub- 
stances were eliminated to prepare a crude enzyme solution. 

The a-KGDH acti'vity of the obtained aude enzyme solution was measured as an increase in at>sort}ance at 365 
nm of 3-acetylpyrkline adenine dinudeotkJe by using a reactbn solution of a composition described in ^ouc fiioL 
Chem.. 44. 1987 (1980). The protein concentration of the crude enzyme solutk)n was measured by using a kit produced 
by Bio-Rad using bovine serum albumin as a standard, and the specific activity of tiie enzyme was calculated. As con- 
trols, specif k; activities were determined for AJ1 1 060/pPK4 and ATCC 1 3869^PK4 obtained by fransfbrmation with ttie 
plasmid pPK4 in ttie same manner. Results are shown in Talsle 1 . AJ 11 Q60/pPKS-X and ATCC 1 3869ypPKS-X respec- 
tively had specific activities which were twice or more specif k: acfivities of AJ11060/pPK4 and ATCC 13869/pPK4. 
According to the results, it has been proved that tine obtained gene fragment codes for an enzyme having the a-KGDH 
activity. 



Table 1 



Bacterial sbain 


a-KGDH specific activity 




(AAbs/min/mg protein) 


AJ11060/pPK4 


0.O29 


AJ11060/pPKS-X 


0.055 


ATCC13689^pPK4 


0.019 


ATCC 13869/pPKS-X 


0.O60 



As a result of SDS pdyacrylamide gel elecfrophoresis of tiie crude enzyme solution, ampltfk»b'on of a band of 
about 135 kilodalton was observed corresponding to a molecular weight of 139 Mlodalton of the enzyme expected for 
the obtained gene. This indicates that the obtained gene is actually expressed in tiie fransformed strain. 
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Reference Example 1: Relationship behween a-KGDH Activity and L-dutamic add Productivity 

Bretfibacterium ladofermentum AJ11060yjjPK4 and AJ11060/k)PKS-X were cultivated in an L-glutan^c acid-pro- 
ducing medium, and L-glutamIc add produced and accumulated in a culture liquid was measured. The cultivation was 

s performed as follows by using a method in which a surfactant was added. 

A production medium (pH 8.0, 20 mQ comprising 8% glucose, 0.1% potassium dihydrogenphosphata. 0.04% mag- 
nesium sulfate, 3% ammoniwn sulfate, 0.001%fenx)us sulfate. 0.001% manganese sulfate, 1.5% soytTean hydrolysate 
solution, 200 ttgl\ thiamine hydrochloride, 300 (ig/l biotin, 25 mg/! kanamydn, and 5% CaCOs (separately sterinzed) was 
dispensed arid poured into a Sakaguchi flask having a volume of 500 ml, and sterilized by heating. Bacterial cells pre- 

10 viously obtained by cultivating AJ1 1060/)3PK4 and AJl 1060/pPKS-X respectively on a plate medium (pH 7.2) compris- 
ing 1% polypeptone (produced by Nippon Seiyaku), 1% Bacto yeast extract (produced by Difco). 0.5% sodium chloride, 
0.S% glucose, and 25 mg/l kanamydn were inoculated to the medium, and cultivated at 31.5**C for 18 hours with shak- 
ing to obtain a seed culture. 

The obtained seed culture was inoculated in an amount of S% to a production medium added witii 3 g/l of a sur- 
fs factant (Tween 40: produced by Sigma) and a production medium without the surfactant and cultivated at 31 .5°C for 20 
hours in the same manner. 

After completion of the cultivation, the anraunt of accumulated L-glutamic add and the remaining glucose concen- 
tration in a cuKure liquid were measured by using a Biotech Analyzer AS-210 produced by Asahi Chenucal Industry Ca. 
Ltd. The growtti amount of bacterial cells was determined by measuring absorisance at 620 nm of a solution obtained 
20 by diluting a culture 51 -fold vtritii 0.02 N hydrochloric acid. Results are shown in Table 2. 



Table 2 



ss 


Sta'ain 


Surfactant 


Growtii (OD) 


Remaining sugar (g/dl) 


Accumulatton amount 

(gAio 


Yieki (%) 




AJ11060yi3PK4 




1.72 


0.45 


0 


0 






+ 


0.78 


1.80 


2.46 


42.4 


30 


Ajiioeo/kjPKS-x 




1.31 


1.89 


0 


0 






+ 


0.78 


3.69 


0.37 


9.4 



35 Production of L-glutamic add was not found at all in any of the bacterial strains in the medium in which no surfectant 
was added. L-glutamic acid was produced and accumulated in the culture liqukJ only when the surtectant was added. 
In this experiment, the yield of L-glutamic acid was remarkably deaeased in the strain into which the plasmid pPKS-X 
containing the a-KGDH gene was inb'oduced, as compared with the pPK4-introduced strain as a control. This fact dem- 
onstrates that tiie level of a-KGDH activity greatly affects the production of L-glutamic acid based on the addition of the 

40 surfactant. 

Reference Exanxale 2: Ckamparison of L-qlutamic add Productivity by Penidllin Addition Method 

The effect of a-KGDH gene amplifk»tion on L-glutamic acid production was investigated by means of a penk:illin 
45 addition method. 

A seed culture was prepared in the same manner as Reference Example 1. The seed cuKure was inoculated 
respectively to a production medium added with 0.4 unit/ml of penidllin and a produdion medium added with no peni- 
dllin so tiiat tiie dry weight of cell pellet was about 2%. and cultivated at 31 .5°C for about 25 hours with shaking. 

After completion of the cultivation, the amount of accumulated L-glutamic acid and the remaining glucose concen- 
50 ti^on in a culture liquid were measured in the same manner as Reference Example 1 . Results are shown in Table 3. 
The results demonstrate tiiat the level of a-KGDH activity also greatly affects L-glutamic add production by the addition 
of penicillin. 



55 
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Tables 



Strain 


Penicillin 


Growth amount (OD) 


Remaining sugar 

(g«i) 


Accumulation 
amount (gAll) 


MeldC%) 


AJ11060/|C)PK4 




1.84 


0.0 


0 


0 




+ 


0.72 


0.0 


3.90 


49.1 


AJ11060y|5PKS-X 




1.87 


0.0 


0 


0 




+ 


1.07 


0.0 


2.39 


30.1 



Example 3: Preparation of g-KGDH Gene-Defident Strain 

According to the fact that the production of L-glutamic acid was suppressed by amplification of the a-KQDH gene, 
it was expected, on the contrary, that the yield of glutamic acid could be improved by destroying the a-KGDH gena A 
gene-destroyed strain was obtained by a homologous recombination method using a temperature-sensitive plasmid 
described in Japanese Patent Laid-open No. 5-7491. Specifically, the a-KGDH gene has two sites digested by Kpn l 
therein at 1340th and 3266th positions in SEQ ID N0:1 in Sequence Listing. Thus pHSGS-X obtained in Example 1 
was partially digested wifli KcnI. and then self-ligated to prepare a plasmid pHSGS-XAK which was deficient in 1926 
base pairs of a KbqI fragment The o-KGDH gene on pHSGS-XAK has a structure lacWng a central portion. Next a 
mutant type replication origin, which was obtained from a plasmid autonomously replicable in corynefbrm t>acteria and 
had temperature-sensitive autonomous replicability. was inti-oduced into a Bam HI recognition site of pHSGS-X^K to 
prepare a plasmid pBTS-XAK. Specifically, a plasmid pHSC4 (Japanese Patent Laid-open No. 5-7491). which was 
obtained from a plasmid autononrausly replicable in coryneform bacteria arxl had temperature-sensitive autonomous 
replicability. was digested witti a restriction enzyme Kpn l. Wunt-ended by using a DNA blunt end formation kit (produced 
by Takara Shuzo Co.. Ltd.. Blunting tat), and then ligated with a Bam HI linker (produced by Takara Shuzo Co., Lid.), fol- 
lowed by self-Iigation to obtain a plasmid which was digested witti a resb'iction enzyme Bam HI to prepare a gene frag- 
ment containing a mutant type replication origin in which the autonomous replicatMlity was temperature-sensitive. The 
gene fragment was inf oduced into a Bam HI site of pHSGS-XAK to prepare a plasmid pBTS-XAK. 

This plasmid was introduced into Brevibacterium lactofermentum ATCC 1 3869 as a wild strain of a corynefbrm L- 
glutamic acid-producing Ijacterium by using an electi-ic pulse method (Japanese Patent Laid-open No. 2-207791), and 
an a-KGDH gene on chromosome was substituted with the deficient type by using a method described in Japanese 
Patent Laid-open No. 5-7491. Specifically. ATCC 13869/pBTS-XAK. in which the plasmid was infroduced. was culti- 
vated In an CM2G liquid medium (1% polypeptone. 1% yeast extract. 0.5% NaCI, 0.5% glucose. pH 7.2) at 25'C for 6 
hours with shaking, subsequentiy spread on an CM2G agar medium containing 5 ng/ml of chloramphenicol, and culti- 
vated at 34"'C to form colonies which were obtained as plasmidnrKorporated sti-ains. A sb-ain. which was sensitive to 
chloramphenicol at 34''C. was olrtained from the sti^ains by using a replica mettiod. A nucleotide sequence of the o- 
KGDH gene on chromosome was investigated by using tiie sensitive strain, and it vras confirmed that the a-KGDH gene 
was substituted into ttie deficient type. The sti-ain was designated as AS strain. When the a-KGDH activity of ttie AS 
sti-ain was measured in accordance witti the method described in Example 2. no activity was detected at all. 

Example 4: Preparation of Plasmids for Amplifying gdh. gItA and icd Genes 

n) Cloning of odh. oltA and led penes 

Genes of odh. gUA and isd of Brevibacterium lactofermentum were cloned by using a PCR method. Primers used 
for the PCR method were synthesized on tiie basis of sequences of gdh gene (Molecular Microbiology. 6(3). 317-326 
(1992)). flllA gene rMlcrobiology. 14Q, 181 7-1828 (1994)). and kjd gene fJ. Bacteriol.. 177. 774-782 (1995)) of Coryne- 
bacterium Qlutamicum already reported. Oligonucleotides shown in SEQ ID N0S:5 (5' side) and 6 (3* side) in Sequence 
Listing as primers for amplifying ttie gsSo. gene, oligonucleotides shown in SEQ ID N0S:7 (5* side) and 8 (3* side) as 
primers for amplifying the glJA gene, and oligonucleotides shown in SEQ ID N0S:9 (5* side) and 10 (3* side) as primers 
for amplifying the ic^ gene were respectively synthesized and used. 

Chromosomal DNA was prepared from Brevibacterium lactofermentijm ATCC13869 in accordance witii tiie 
method in Example 1 , which was used as a template to perform the PCR method using the aforementioned oligonucle- 
otides as primers. Obtained amplified products were Ijlunt-ended at their both ends by using a commercially availat)le 
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DNA blunt end formation kit (produced Takara Shuzo Ca, L4d., Blunting Kit), and then cloned Into a Sana} site of a 
vector plasmid pHSG399 (produced by Takara Shuzo Ca, Ltd.) respectively to obtain plasmids pHSG-gdh, pHSG-gltA, 
andpHSG-icd. 

(2) aonino and expressio n of ppc g ene 

Chromosomal DNA of Brevaaacterium lactofermentum ATCC 13869 was prepared in accordance with the method 
in Example 1 , and it was used as a template to obtain a DNA fragment of about 3.4 Kbp containing qqq gene coding for 
PEPC by using the PGR method. Primers used for the PGR method were synthesized on the basis of a sequence of 
PQ£ gene of Corynebacterium glutamicum already reported (Gene. ZL 237-251 (1 989)) , and the PGR reaction was per- 
formed in the same manner as described above. Sequences of the primers are shown In SEQ ID NOS:1 1 (5* side) arxl 
12 (3' side). 

An amplified product of the PGR reaction was digested with a restriction enzyme Sail (produced by Takara Shuzo 
Co., Ltd.), and inserted into a Sail site of a plasnvd pHSG399 to obtain a plasmid pHSG-ppc'. PEPG gene of pHSQ- 
ppc' is inserted in a direction opposite to that of la£ promoter of pHSG399. 

Next, a promoter of tryptophan operon krwwn as a promoter to function In Brevibacteriun^ lactofermentum (Gene. 
^191 -200 (1 987)) was inserted at a position upstream from the qq£ gene on pHSG-ppc*. It is known that this pronxrter 
has a sequence conrprising 51 nucleotides shown in SEQ ID NO:13 in Sequence Listing, and it exhibits the activity. A 
nucleotide strand having the sequence shown in SEQ ID N0:13 and a nucleotide strand having a sequence of SEQ ID 
N0:14 as its complementary strand were synthesized so that double strand DNA containing the 51 base pairs having 
the promoter activity with both ends corresponding to cut fragments by restriction enzymes Kpn l and Xba l are obtained. 

The both synthesized DNA were mixed to give a concentration of 10 pmol/(tg for each, heated at 1 00°C for 1 0 min- 
utes, and then left and cooled at room temperature to cause annealing. pHSGispc' was digested with restriction 
enzymes Kpn l and Xba l (produced by Takara Shuzo Go., Ltd.), and ligated with the promoter described alxive. The liga- 
tion reaction was performed by using a ligation kit produced by Takara Shuzo Go., Ltd. Thus a plasmid pHSG-ppc, in 
which one copy of tiie promoter of the tryptophan operon was inserted at a position upsti-eam from the pQ£ gene, was 
obtained. 

(3) Preparation of plasmid consfaticted by liaatina tiiree species of genes of qdh. oltA and led 

A plasmid was prepared in which three species of tiie oenesof odh. g!tA and Jsd were ligated. Specifically, the plas- 
mid pHSG-gdh was digested with a restriction enzyme Eco RI. and blunt-ended by using a commercially available DNA 
tHunt end formation kit (produced by Takara Shuzo Go., Ltd., Blunting kit), with which tiie PGR-amplified product of the 
gUA gene with both ends t}lunt-erKled as described above was ligated to obtain a plasmid pHSG-gdh-fgltA. Further, the 
plasmid pHSG-gdh-t-gltA was digested with a restriction enzyme Kpn l. and blunt-ended in the same manner, with which 
tiie PGR-amplified product of the ifisJ gene with t>otti ends blunt-ended as described above was ligated to obtain a plas- 
mid pHSG-gdh+gltA+icd. 

(4) Preparation of plasmi d constructed by lioatino tiiree species of genes of odh. oUA and ppc 

A plasmid was prepared in which three species of the genes of qdh. gItA and qqc were ligated. Specifically, the 
plasmid pHSG-gdh+gltA was digested witii a restriction enzyme Kpn l. The plasmid pl-ISG-ppc was digested with 
resta-iction enzymes Kpn l and Sail to obtain a bps gene fragment having the promoter of trypjtophan operon at an 
upstream position. The obtained fragment was blunt-ended by using a DNA blunt end formation kit (produced by Takara 
Shuzo Go.. Ltd., Blunting kit), and then inserted into a Kpn l site of the plasmid pHSG-gdh-t^KA by using a Kpn l linker 
(produced by Takara Shuzo Co., Ltd.) to obtain a plasmid pHSG-gdh+gltA+ppc. 

(5^ Irrtroduction of replication origin for Corynebacterium into the plasmids descrilaed abovQ 

In order to allow pHSG-gdh. pHSQ-gltA, pHSG-ppc. pHSQ-icd, pHSG-gdh+gltA+iod. and pHSQ-gdh+gltA+ppc to 
conduct autonomous replication in cells of coryneform bacteria, a replication origin (Japanese Patent Laid-open tio. 5- 
7491) originating from a plasmid pHM1519 autonomously replicaWe in coryneform bacteria (Agrie. Biol. Ghem.. 42. 
2901-2903 (1984)) already obtained was introduced into pHSG-gdh, pHSG-gltA. pHSG-ppc, pHSG-icd. pHSG- 
gdh+gltA+icd, and pHSG-gdh+gKA-fppc. Specifically, a plasmkl pHK4 (Japanese Patent Laid-open No. 5-7491) having 
the replication origin originating from pHM1519 was digested with restriction enzymes Bam HI and Kpn l. and a gene 
fragment containing the replication origin was obtained. The obtained fragment was blunt-ended by using a DNA blunt 
end formation kit (produced by Takara Shuzo Co., Ltd., Blunting kit), and then inserted into Kpn l sites of pHSC-gdh. 
pHSG-gltA. pHSG-ppc, and pHSG-icdh respectively by using a tQjol linker (produced by Takara Shuzo Co., Ltd.) to 
obtain pGDH. pGLTA, pPPC. and pICD. Further, tiie replication origin originating from pHM1519 was inserted into 
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pHSG-gdh+gltA+icd and pHSG^h-fgltA-i-ppc respectively at their ^1 sftes similarly using a Sail linker (produced t>y 
Takara Shuzo Co., Ltd.) to obtain pQDH+GLTA+ICD and pGDH+GLTA-<-PPC. In addition, pSAC4 was also prepared as 
a control, using a plasmid pl-ISQ399 having none of these genes, in which the replication origin originating from 
pHMl519 was inserted into its Ssil she similarly using a ^1 linker (produced by Takara Shuzo Ca, Ltd.). 

5 

Example 7: Confirmation of Expression of Each Gene on dGDH. pGLTA. dPPC. dICD. dGDH+ GLTA4-ICD. and 
pQDH+ g L T A+PPC 

It was confinmed whether or not each of the genes on pGDH, pGLTA pPPC, pICD, pQDH+QLTA+ICD, and 

10 pGDH+QLTA4-PPC was expressed in cells of Brevibacterium lactofermerrtum. and these plasrruds furx^tioned for gene 
amplification. Specifically, each of the plasmids was introduced into Brevibacterium lactofemnentum ATCC 13869 by 
means of an electric pulse method (Japanese Patent Laid-open No. 2-207791). Obtained transformants were selected 
by using a CM2G plate medium containing 10 g of polypeptone, 10 g of yeast extract, 5 g of glucose, 5 g of NaCI, and 
15 g of agar in 1 1 of pure water (pH 7.2) and containing 4 iigM of chloramphenicol. The obtained transformants were 

IS cultivated on a CM2G agar medium, inoculated to a medium containing 80 g of glucose, 1 g of KH2PO4, 0.4 g of 
MgS04, 30 g of (NH^2S04, 0.01 g of FeS04 • 7H20, 0.01 g of MnS04« 7H20, 15 n:d of soybean hydrolysate solution. 
200 ^g of thiamine hydrochloride, 300 ^g of biotin, and 50 g of CaCOs in 1 1 of pure water (with pH adjusted to 8.0 with 
KOH), and cultivated at 31 .5°C for 1 6 hours. The culture liquid was centrHuged in accordance with an ordinary method, 
arxi t}acteriai cells were collected. 

20 Crude extracts obtained by grinding the bacterial cells were used to measure GDH activities of ATCC 1 3869A)GDH. 
ATCC 13869/GDH+GLTA+ICD, and ATCC 13869yj>GDH+GLTA+PPC in accordance with a method described in Molec- 
ular Microbiology. 317-326 (1992). As a resuH, it was foiffid that each of these transformants had about 13-fbkl 
GDH activity as compared with ATCC 13869yt>SAC4 as a control (Table 4). The CS activity of ATCC 13869/)3QLTA, 
ATCC 13869/GDH+CLTA4-ICD, and ATCC 13869/pGDH+GLTA-i-PPC was measured in accordance with a metiwd 

2S described in Microbiology. 140. 1817-1828 (1994). The ICDH activity of ATCC 13869/plCD and ATCC 
13869/QDI-l+GLTA+ICD was measured in accordance with a method described in J. Bacteriol. 177. 774-782 (1995). 
The PEPC activity of ATCC 13869ypPPC and ATCC 13869^DH+QLTA+PPC was measured in accordance with a 
method described in Gene . 77. 237-251 (1989). Results of measurement are shown in Tables 5-7. It was found that any 
transformant had about 2 to 20-fbkl activity of the objective enzyme as compared with ATCC 13869y^SAC4 as a control. 

30 According to this fact, it has been confirmed that each of the genes On pGDH, pGLTA, pPPC. pICD. pGDH4GLTA-f ICD, 
and pGDH+GLTA+PPC is expressed in cells of Brevibacterium lactofermentum. and executes its function. 



Table 4 



Bacterial strain 


GDH activity 
(AAbs/min/mg protein) 


ATCC 13869/i3GDH 


1.36 


ATCC 13869/pGDH+GLTA+ICD 


1.28 


ATCC 13869/)3GDH+GLTA+PPC 


1.33 


ATCC 13869/1DSAC4 


0.11 


Table 5 


Bacterial strain 


CS activity 
(^n1ole/min/mg protein) 


ATCC 13869/fc)GLTA 


5.5 


ATCC 138694DGDH+QLTA+ICD 


4.8 


ATCC 13869ypGDH+GLTA+PPC 


4.8 


ATCC 13869yj3SAC4 


0.7 
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Tables 



Bacterial strain 


PEPC activity 
(un'rts/rnln/nig protein) 


ATCC 13869yj3PPC 


1.12 


ATCC 13869/>jGDH+GLTA+PPC 


1.04 


ATCC 13869A3SAC4 


0.11 


Table? 


Bacterial strain 


ICDH activity 
(units/min/mg protein) 


ATCC 13869yj3!CD 


3.5 


ATCC 13869yip>GDH-i<3LTAflCD 


2.8 


ATCC 13869yt>SAC4 


1.0 



Example 8: L-alutamic a dd Production bv AS Strain, and AS Strains with Amplified odh. gItA. ddc and icd Genes 
Evaluation of L-glutamic acid production by AS strain by usin g jar fermenter 

A medium (300 ml) containing 60 g of glucose, 1 g of KH2PO4, 0.4 g of MgS04, 30 g of (NH^2S04. 0.01 g of 
FeS04 • 7H20, 0.01 g of MnS04 • 7H20, 15 ml of soybean hydrdysate solution. 200 jig of thiamine hydrochloride, and 
450 HQ of biob'n in 1 1 of pure water was added to a jar fermenter having a volume of 1 1, and sterilized by heating. Bac- 
terial cells of the AS strain obtained by cultivation on a CM2G agar medium were inoculated thereto, and cultivated at 
31 .5°C for 30 hours while adjusting pH to 7.0. 7.2 or 7.5 witii ammonia gas. 

After completion of the cultivation, ttie t^acterial cell concentration and the amount of L-glutamic acid accumulated 
in the medium were measured. Biotech Analyzer AS-210 produced by Asahi Chemical Industry Co., Ltd. was used for 
quantitative determination of L-glutamic acid. The bacterial cell concentration was measured in accordance witti 
absort>ance at 660 nm (ODggo) of a culture liquid diluted 51 times withi pure water. Results are shown in Table 8. 



Tables 



pH 


Bacterial cell concentra- 


L-glutamic add (g/0 




tion (OD) 




7.0 


0.84 


35 


7.2 


0.85 


34 


7.5 


1.07 


32 



H was confirmed tiiat the AS strain produced and accumulated L-glutamic acid at a high yield although it was culti- 
vated in the medium containing an excessive amount of biotin. 

(2) Evaluation of L-olutamic add production bv AS strain, and AS strains with amplified odh. qltA. ppc and icd genes bv 
cultivation in iar farmenlor 

pGDH, pGLTA. pPPC, pICD, pGDH+GLTA+ICD. or pGDH+GLTA+PPC prepared as desaibed above was intro- 
duced into the AS strain to evaluate L-glutamic add productivity of transfbrmants in which each of the plasmids was 
introduced. Introduction of the plasmids into cells of Brevit)acterium lactoferrrientum was performed in accordance with 
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an electric pulse method (Japanese Patent Laid-open Na 2-207791). Obtained transformants were selected by using 
a CM2Q plate medium containing 10 g of polypeptone. 10 g of yeast extract, 5 g of glucose. 5 g of Na.CH. and 15 g of 
agar in II of pure water (pH 7.2} and containing 4 tig/ml of chloramphenicoi. 

Evaluation of L-glutanvc acid productivity of the AS strain and the obtained transformants was performed as 
5 described in the aforementioned item(1). 

The bacterial cell concentration and the amount of L-glutamic acid accumulated in the medium after the cultivafion 
were measured in the same mfuiner as descrbed above. Results are shown in Table 9. 



Table 9 



Strain 


Cell concentration (OD) 


L-glutamic acid (g/Q 


AS 


0.84 


35 


AS/)3GDH 


1.01 


35 


AS/|3GLTA 


0.83 


37 


AS/jplCD 


0.83 


37 


AS/kjPPC 


0.75 


37 


AS/i3GDH+GLTA+ICD 


0.95 


38 


AS/t>GDH+GLTA+PPC 


0.85 


40 


AS/|3SAC4 


0.83 


35 



Example 9: Production of L-lvsine bv L-lvsine-Producina Bacterium with Amplifie d «-KGDH Gene 

30 pPKS-X and pPK4 prepared as described above were respectively introduced into Brevibacterium lactofermentum 
AJ12435 (PERM BP-2294) exhibiting resistance to S-(2-aminoetlvl)-L-cysteine and having L-lysine productivity 
derived by mutation from Brevibacterium lactofennentuni ATCC 13869, and their L-lysine productivity was evaluated. 
Introduction of the plasmids was perfomied by using an electric pulse method (Japanese Patent Laid-open No. 2- 
207791). Transformants were selected by using a CM2G plate medium containing 10 g of polypeptone, 10 g of yeast 

35 extract. 5 g of glucose. 5 g of NaO. and 1 5 g of agar in 1 1 of pure water (pH 7.2) and containing 25 jxg/ml of kanamydn. 
Evaluation of L-lysine productivity was perfonned as follows. A medium (20 ml each) containing 100 g of glucose, 
1 g of KH2PO4. 0.4 g of MgS04, 30 g of (NH4)2S04, 0.01 g of FeS04 • 7H20, 0.01 g of MnS04 • 7H20. 15 ml of soytiean 
hydrolysate solution, 200 jig of thiamine hydrochloride, 300 ng of biotin, 25 mg of kanamycin. and 50 g of CaCOa in 1 1 
of pure water (with pH adjusted to 7.0 with KOH) was dispensed and poured into a flask having a volume of 500 ml, and 

40 sterilized by heating. Bacterial cells of AJ12435/pPK4 and AJ12435yi5PKS-X obtained by cultivation on a CM2Q plate 
medium containing 4 mg/l of kanamycin were inoculated thereto,' and cultivated at 37°C for 20 hours. After completion 
of the cultivation, the amount of L-lysine produced and accumulated in a culture liquid and the bacterial cell concentra- 
tion were measured. Results are shown in Table 10. 



45 

Table 10 



Strain 


L-iysine (g/l) 


Cell concentration (OD) 


AJ12435/tDPK4 
AJ12435/^)PKS-X 


26 
31 


1.15 
0.92 



ss Industrial Apolicahility 

It has been revealed that the level of a-KGDH activity of corynefbrm L-glutamic add-producing bacteria affects fer- 
mentative production of L-glutamic acid. Therefore, it becomes possible to eff icientiy breed bacterial strains having fur- 
ther improved L-glutanic ackl productivity as compared with conventional coryneform L-glutamic acid-producing 
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bacteria, by preparing a-KGDH gene activity-defident strains by insertion of drug-relevant genes and so on, by prepar- 
ing activity-leal^ strains by in vitro nurtation, and by preparing strains with lowered expression by modification of pro- 
moters arid so on. 

SEQOENCB LISTING 



(X) GENERAL INFORMATICXI t 



(i) APPLICANT: 

(A) NAME: Ajlnomoto Co., Inc. 
IS (B) STREET: 15-1, Kyobashi 1-chome, Chuo-ku 

(C) CITY: Tokyo 

(E) CODNTRY: Japsm 

(F) POSTAL CODE (ZIP) : 104 

20 

(ii) TITLE OP INVENTION: ALPHA_KBTOGLtrrARATE DEHYDROGENASE GENE 
2s (ili) NUMBER OF SEQUENCES: 14 

(iv) COMPUTER READABLE FORM: 

(A) MEDIOM TYPE: Floppy disk 
^ (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release *l.O, Version #1.30 (EPO) 



35 



40 



45 



SO 



65 



(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: JP 6-131744 

(B) FILING DATE: 14-iroN-1994 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4394 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: DNA (genomic) 



17 
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30 



35 



40 



45 



50 
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(iii) HYPOTHBTICMi: NO 
(iv) ANTI -SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Brevibacterium lactofermentum 

(B) STRAIN: ATCC13869 



(ix) FEATURE: 
IS (A) NAME /KEY: CDS 

(B) LOCATION:443. .4213 

(ix) FEATURE: 

20 

(A) NAME/KEY: -35_signal 

(B) LOCATION:281. .287 

25 (ix) FEATURE: 

(A) NAME/KEY: -10_signal 

(B) LOCATION: 3 07. .312 



(ix) FEATURE: 

(A) NAME/KEY: RBS 

(B) L0CATI0N:421. .428 

(ix) FEATURE: 

(A) NAME/KEY: terminator 

(B) LOCATION:4243. .4281 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

GTCGACAAGC AAAATCGAAG CGGCAGCACG CCGCGTCGGA GCCTTAAACG CCATCGCCGC 60 

CATCCCTGAT GGTTTCAATC ATCAAGTCGG TGAACGCGGG CGCAACCTGT CATCCGGACA 120 

GCGCCAACTG ATCGCGCTGG CGCGCGCCGA ACTCATCGAG CCTTCCATCA TGCTTCTCGA 180 
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CGAAGCCACC TCCACCCTCX3 ACCCCGCCAC CGAAGCCGTT ATCCTCAACG CCTCCGATCG 240 

AGTCACTAAG GGACGCACCA GCATCATCGT CGCGCACCGC TTGGCAACCXJ CTAAAAtSGGC 300 

CGACCGTATT CTTGTTGTTG AACAAGGACG TATCATTGAG GACGGATCTC ACGACGCGTT 360 

GTTGTCTGCT AACGGCACCT ACGCCCGCAT GTGGCATTTA ATGGCCTGAC ACGTTATTTT 420 



TAGGAGAACT GTCAACAAAT TA ATG CTA CAA CTG GGG CTT AGG CAT AAT CAQ 472 

Met Leu Gin Leu Gly Leu Arg His Asn Gin 

IS 

15 10 



so 



CCA ACG ACC AAC GTT ACA GTG GAT AAA ATA AAG CTC AAT AAA CCC TCA 
Pro Thr Thr Asn Val Thr Val Asp Lys He Lys Leu Asn Lys Pro Ser 
15 20 25 



520 



25 



AGA AGC AAG GAA AAG AGG CGA GTA CCT GCC GTG AGC AGC GCT AGT ACT 
Arg Ser Lys Glu Lys Arg Arg Val Pro Ala Val Ser Ser Ala Ser Thr 
30 3S 40 



568 



30 



TTC GGC CAG AAT GCG TGG CTG GTA GAC GAG ATG TTC CAG CAG TTC CA6 
Phe Gly Gin Asn Ala Trp Leu val Asp Glu Met Phe Gin Gin Phe Gin 
45 50 55 



616 



35 



40 



45 



SO 



AAG GAC CCC AAG TCC GTG GAC AAG GAA TGG AGA GAA CTC TIT GAG GCG 
Lys Asp Pro Lys Ser Val Asp Lys Glu Trp Arg Glu Leu Phe Glu Ala 
60 65 70 

CAG GGG GGA CCA AAT GCT ACC CCC GCT ACA ACA GAA GCA CAG CCT TCA 
Gin Gly Gly Pro Asn Ala Thr Pro Ala Thr Thr Glu Ala Gin Pro Ser 
75 80 85 90 

GCG CCC AAG GAG TCT GCG AAA CCA GCA CCA AAG GCT GCC CCT GCA GCC 
Ala Pro Lys Glu Ser Ala Lys Pro Ala Pro Lys Ala Ala Pro Ala Ala 
95 100 105 

AAG GCA GCA CCG CGC GTA GAA ACC AAG CCG GCC GCC AAG ACC GCC CCT 



664 



712 



760 



808 



55 
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10 



35 



40 



SO 



Lys Ala Ala Pro Arg Val Glu Thr Lys Pro Ala Ala Lys Thr Ala Pro 
110 115 120 

AAG 6CC AAG GAG TCC TCA GTG CCA CAG CAA CCT AAG CTT CCG GAG CCA 856 
Lys Ala Lys Glu Ser Ser Val. Pro Gin Gin Pro Lys Leu Pro Glu Pro 
125 130 135 



GQA CAA ACC CCA ATC AGG GGT ATT TTC AAG TCC ATC GCG AAG AAC ATG 904 
Gly Gin Thr Pro lie Arg Gly lie Phe Lys Ser lie Ala Lys Asn Met 
IS 140 145 150 

GAT ATC TCC CTG GAA ATC CCA ACC GCA ACC TCG GTT CGC GAT ATG CCA 952 
Asp He Ser Leu Glu He Pro Thr Ala Thr Ser Val Arg Asp Met Pro 
^ 155 160 165 170 

GCT CGC CTC ATG TTC GAA AAC CGC GCG ATG GTC AAC GAT CAG CTC AAG 1000 
Ala Arg Leu Met Phe Glu Asn Arg Ala Met Val Asn Asp Gin Leu Lys 

2S 

175 180 185 

CGC ACC CGC GGT GGC AAG ATC TCC TTC ACC CAC ATC ATT GGC TAG GCC 1048 
30 Arg Thr Arg Gly Gly Lys He Ser Phe Thr His He He Gly Tyr Ala 

190 195 200 



ATG GTG AAG GCA GTC ATG GCT CAC CCG GAC ATG AAC AAC TCC TAG GAG 1096 
Met Val Lys Ala Val Met Ala His Pro Asp Met Asn Asn Ser Tyr Asp 
205 210 215 

GTC ATC GAC GGC AAG CCA ACC CTG ATC GTG CCT GAG CAC ATC AAG CTG 1144 
Val He Asp Gly Lys Pro Thr Leu He Val Pro Glu His He Asn Leu 
220 225 230 

45 GGC CTT GCC ATC GAC CTT CCT CAG AAG GAC GGC TCC CGC GCA CTT GTC 1192 

Gly Leu Ala He Asp Leu Pro Gin Lys Asp Gly Ser Arg Ala Leu Val 
235 240 245 250 



GTA GCA GCC ATC AAG GAA ACC GAG AAG ATG AAC TTC TCC GAG TTC CTC 1240 
Val Ala Ala He Lys Glu Thr Glu Lys Met Asn Phe Ser Glu Phe Leu 
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10 



IS 



20 



25 



45 



SO 



SS 



255 260 265 

6CA GCA TAC GAA GAC ATC GTG ACA CGC TCC CGC AAG GGC AAG CTC ACC 1288 
Ala Ala Tyr Glu Asp lie Val Thr Arg Ser Arg Lys Gly hys Leu Thr 
270 . 275 280 

ATG GAT GAC TAC CAG GGC GTT ACC GTT TCC TTG ACC AAC CCA GGT GGC 1336 
Met Asp Asp Tyr Gin Gly Val Thr Val Ser Leu Thr Asn Pro Gly Gly 
285 290 295 

ATC GGT ACC CGC CAC TCT GTC CCA CGT CT6 ACC AAG GGC CAG GGC ACC 1384 
lie Gly Thr Arg His Ser Val Pro Arg Leu Thr Lys Gly Gin Gly Thr 
300 305 310 

ATC ATC GGT GTC GGT TCC ATG GAT TAC CCA GCA GAG TTC CAG GGC GCT 1432 
He He Gly Val Gly Ser Met Asp Tyr Pro Ala Glu Phe Gin Gly Ala 
315 320 325 330 



TCC GAA GAC CGC CTT GCA GAG CTC GGC GTT GGA AAG CTT GTC ACC ATC 1480 
Ser Glu Asp Arg Leu Ala Glu Leu Gly Val Gly Lys Leu Val Thr He 
30 335 340 345 

ACC TCC ACC TAC GAT CAC CGC GTG ATC CAG GGT GCT GTG TCC GGT GAA 1528 
Thr Ser Thr Tyx Asp His Arg Val He Gin Gly Ala Val Ser Gly Glu 

35 

350 355 360 

TTC CTG CGT ACC ATG TCT CGC CTG CTC ACC GAT GAT TCC TTC TGG GAT 1576 
^ Phe Leu Arg Thr Met Ser Arg Leu Leu Thr Asp Asp Ser Phe Trp Asp 

365 370 375 



GAG ATC TTC GAC GCA ATG AAC GTT CCT TAC ACC CCA ATG CGT TGG GCA 1624 
Glu He Phe Asp Ala Met Asn Val Pro Tyr Thr Pro Met Arg Trp Ala 
380 385 390 

CAG GAC GTT CCA AAC ACC GGT GTT GAT AAG AAC ACC CGC GTC ATG CAG 1672 
Gin Asp Val Pro Asn Thr Gly Val Asp Lys Asn Thr Arg Val Met Gin 
395 400 405 410 
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CTC ATT GAG GCA TAG CGC TCC C6T GGA CAC CTC ATC GCT GAG AGO AAC 1720 
Leu lie Glu Ala Tyr Arg Ser Arg Gly His Leu lie Ala Asp Thr Asn 
415 420 425 

CCA CTT TCA TGG GTT CAG CCT GGC ATG CCA 6TT CCA GAC CAC CGC GAC 1768 
Pro Leu Ser Trp Val Gin Pro Gly Met Pro Val Pro Asp His Arg Asp 
430 435 440 

CTC GAC ATC GAG ACC CAC AGC CTG ACC ATC TGG GAT CTG GAC CGT ACC 1816 
Leu Asp lie Glu Thr His Ser Leu Thr He Trp Asp Leu Asp Arg Thr 
445 450 455 

TTC AGC GTC GGT GGC TTC GGC GGC AAG GAG ACC ATG ACC CTG CGC GAG 1864 
Phe Ser Val Gly Gly Phe Gly Gly Lys Glu Thr Met Thr Leu Arg Glu 
460 465 470 

GTA CTG TCC CGC CTG CGC GCT GCC TAG ACC TTG AAG GTC GGC TCC GAA 1912 
Val Leu Ser Arg Leu Arg Ala Ala Tyr Thr Leu Lys Val Gly Ser Glu 
475 480 485 490 



TAC ACC CAC ATC CTG GAC CGC GAC GAG CGC ACC TGG CTG CAG GAC CGC 1960 
Tyr Thr His He Leu Asp Arg Asp Glu Arg Thr Trp Leu Gin Asp Arg 
3S 495 500 505 

CTC GAA GCC GGA ATG CCA AAG CCA ACC CAG GCA GAG CAG AAG TAC ATC 2008 
Leu Glu Ala Gly Met Pro Lys Pro Thr Gin Ala Glu Gin Lys Tyr He 
510 515 ' 520 



CTG CAG AAG CTG AAC GCC GCA GAG GCT TTC GAG AAC TTC CTG CAG ACC 2056 
4S Leu Gin Lys Leu Asn Ala Ala Glu Ala Phe Glu Asn Phe Leu Gin Thr 

525 530 535 



AAG TAC GTC GGC CAG AAG CGC TTC TCC CTC GAA GGT GCA GAA GCT CTC 2104 
Lys Tyr Val Gly Gin Lys Arg Phe Ser Leu Glu Gly Ala Glu Ala Leu 
540 545 550 
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ATC CCA CTG ATG GAC TCC GCC ATC GAC ACC GCC GCA GGC CAG GGC CTC 
He Pro Leu Met Asp Ser Ala He Asp Thr Ala Ala Gly Gin Gly Leu 
555 560 565 570 

GAC GAA GTT GTC ATC GGT ATG CCA CAC CGT GGT CGC CTC AAC GTG CTG 
Asp Glu Val Val He Gly Met Pro His Arg Gly Arg Leu Asn Val Leu 
575 580 585 

TTC AAC ATC GTG GGC AAG CCA CTG GCA TCC ATC TTC AAC GAG TTT GAA 
Phe Asn He Val Gly Lys Pro Leu Ala Ser He Phe Asn Glu Phe Glu 
590 595 6O0 

GGC CAR ATG GAG CAG GGC CAG ATC GGT GGC TCC GGT GAC GTG AAG TAC 
Gly Gin Met Glu Gin Gly Gin He Gly Gly Ser Gly Asp Val Lys Tyr 
605 610 615 

CAC CTC GGT TCC GAA GGC CAG CAC CTG CAG ATG TTC GGC GAC GGC GAG 
His Leu Gly Ser Glu Gly Gin His Leu Gin Met Phe Gly Asp Gly Glu 
620 625 630 

ATC AAG GTC TCC CTG ACT GCT AAC CCG TCC CAC CTG GAA GCT GTT AAC 
He Lys Val Ser Leu Thr Ala Asn Pro Ser His Leu Glu Ala Val Asn 
635 640 S45 650 

CCA GTG ATG GAA GGT ATC GTC CGC GCA AAG CAG GAC TAC CTG GAC AAG 
Pro Val Met Glu Gly He Val Arg Ala Lys Gin Asp Tyr Leu Asp Lys 
655 660 665 

GGC GTA GAC GGC AAG ACT GTT GTG CCA CTG CTG CTC CAC GGT GAC GCT 
Gly Val Asp Gly Lys Thr Val Val Pro Leii Leu Leu His Gly Asp Ala 
670 675 680 

GCA TTC GCA GGC CTG GGC ATC GTG CCA GAA ACC ATC AAC CTG GCT AAG 
Ala Phe Ala Gly Leu Gly He Val Pro Glu Thr He Asn Leu Ala Lys 
685 690 695 

CTG CGT GGC TAC GAC GTC GGA GGC ACC ATC CAC ATC GTG GTG AAC AAC 
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845 850 855 

GGC TCC CAG AAG CTT CCA CAC GGC CTT GAG ACC AAC ATC TCC CGT GAA 3064 
Gly Ser Gin Lys Leu Pro His Gly Leu Glu Thr Asn He Ser Arg Glu 
860 865 870 

GAG CTC CTG GAA CTG GGA CAG GCT TTC GCC AAC ACC CCA GAA GGC TTC 3112 
Glu Leu Leu Glu Leu Gly Gin Ala Phe Ala Asn Thr Pro Glu Gly Phe 
875 880 885 890 

AAC TAC CAC CCA CGT GTG GCT CCA GTT GCT AAG AAG CGC GTC TCC TCT 3160 
Asn Tyr His Pro Arg Val Ala Pro Val Ala Lys Lys Arg Val Ser Ser 
895 900 905 

GTC ACC GAA GGT GGC ATC GAC TGG GCA TGG GGC GAG CTC CTC GCC TTC 3208 
Val Thr Glu Gly Gly He Asp Trp Ala Trp Gly Glu Leu Leu Ala Phe 
910 915 920 



GGT TCC CTG GCT AAC TCC GGC CGC TTG GTT CGC CTT GCA GGT GAA GAT 3256 
Gly Ser Leu Ala Asn Ser Gly Arg Leu Val Arg Leu Ala Gly Glu Asp 
30 925 930 935 

TCC CGC CGC GGT ACC TTC ACC CAG CGC CAC GCA GTT GCC ATC GAC CCA 3304 
Ser Arg Arg Gly Thr Phe Thr Gin Arg His Ala Val Ala He Asp Pro 

35 

940 945 950 

GCG ACC GCT GAA GAG TTC AAC CCA CTC CAC GAG CTT GCA CAG TCC AAG 3352 
^ Ala Thr Ala Glu Glu Phe Asn Pro Leu His Glu Leu Ala Gin Ser Lys 

955 960 - 965 970 



GGC AAC AAC GGT AAG TTC CTG GTC TAC AAC TCC GCA CTG ACC GAG TAC 3400 
Gly Asn Asn Gly Lys Phe Leu Val Tyr Asn Ser Ala Leu Thr Glu Tyr 
975 980 985 

GCA GGC ATG GGC TTC GAG TAC GGC TAC TCC GTA GGA AAC GAA GAC TCC 3448 
Ala Gly Met Gly Phe Glu Tyr Gly Tyr Ser Val Gly Asn Glu Asp Ser 
990 995 1000 
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GTC GTT GCA TGG GAA GCA GAG TTC GGC GAG TTC GCC- AAC GGC GOT GAG 3495 
Val Val Ala Trp Glu Ala Gin Phe Gly Asp Phe Ala Asn Gly Ala Gin 
1005 1010 1015 

ACC ATC ATC GAT GAG TAG GTC TCC TCA GGC GAA GCT AAG TGG GGC CAG 3544 
Thr lie lie Asp Glu Tyr Val Ser Ser Gly Glu Ala Lys Trp Gly Gin 
1020 1025 1030 

ACC TCC AAG CTG ATC CTT CTG CTG CCT CAC GGC TAG GAA GGC CAG GGC 3592 
Thr Ser Lys Leu lie Leu Leu Leu Pro His Gly Tyr Glu Gly Gin Gly 
1035 1040 1045 1050 

CCA GAC CAC TCT TCC GCA CGT ATC GAG CGC TTC CTG CAG CTG TGC GCT 3640 
Pro Asp His Ser Ser Ala Arg lie Glu Arg Phe Leu Gin Leu Cys Ala 
1055 1060 1065 

GAG GGT TCC ATG ACT GTT GCT CAG CCA TCC ACC CCA GCA AAC CAC TTC 3688 
Glu Gly Ser Met Thr Val Ala Gin Pro Ser Thr Pro Ala Asn His Phe 
1070 1075 1080 

CAC CTG CTG CGT CGT CAC GCT CTG TCC GAC CTG AAG CGT CCA CTG GTT 3736 
His Leu Leu Arg Arg His Ala Leu Ser Asp Leu Lys Arg Pro Leu Val 
1085 1090 1095 

ATC TTC ACC CCG AAG TCC ATG CTG CGT AAC AAG GCT GCT GCC TCC GCA 3784 
ile Phe Thr Pro Lys Ser Met Leu Arg Asn Lys Ala Ala Ala Ser Ala 
1100 1105 1110 

CCA GAA GAC TTC ACT GAG GTC ACC AAG TTC CAA TCC GTG ATC GAC GAT 3832 
Pro Glu Asp Phe Thr Glu Val Thr Lys Phe Gin Ser Val lie Asp Asp 
1115 1120 1125 1130 

CCA AAC GTT GCA GAT GCA GCC AAG GTG AAG AAG GTC ATG CTG GTC TCC 3880 
Pro Asn Val Ala Asp Ala Ala Lys Val Lys Lys Val Met Leu Val Ser 
1135 1140 1145 
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6GC AAG CTG TAG TAG GAA TTG GGA AAG CGG AAG GAG AAG GAG GGA CGC 3928 
Gly Lys Leu "Tyr Tyr Glu Leu Ala Lys Arg Lys Glu Lys Asp Gly Arg 
* 1150 1155 1160 

GAG GAG ATG GGG ATG 6TT GGT ATG GAA ATG CTC GAG GGA ATT CGG TTG 3976 
10 Asp Asp He Ala He Val Arg He Glu Met Leu His Pro He Pro Phe 

1165 1170 1175 

AAG GGG ATG TCC GAG GGT CTT GGG GGG TAG CCT AAG GGT GAG GAA GTC 4024 

15 

Asn Arg He Ser Glu Ala Leu Ala Gly Tyr Pro Asn Ala Glu Glu Val 
1180 1185 1190 

20 GTG TTG GTT GAG GAT GAG GGA GGA AAC GAG GGC CCA TGG CGG TTG TAG 4072 

Leu Phe Val Gin Asp Glu Pro Ala Asn Gin Gly Pro Trp Pro Phe Tyr 
1195 1200 1205 1210 
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GAG GAG GAG CTC GGA GAG CTG ATG CGG AAG ATG CCA AAG ATG CGC CGC 4120 
Gin Glu His Leu Pro Glu Leu He Pro Asn Met Pro Lys Met Arg Arg 
1215 1220 1225 

GTT TGG CGC CGC GGT GAG TCC TCC ACC GCA ACT GGT GTT GGT AAG GTG 4168 
Val Ser Arg Arg Ala Gin Ser Ser Thr Ala Thr Gly Val Ala Lys Val 
1230 1235 1240 

GAG GAG CTG GAG GAG AAG GAG GTT ATG GAG GAG GGT TTC GAG GGT 4213 
His Gin Leu Glu Glu Lys Gin Leu He Asp Glu Ala Phe Glu Ala 
1245 1250 1255 

TAAGTCTTTA TAGTGGTGGA CTAGGCTAGA GGGCCTTATG GAGTGTGAAT CACAGAGGAT 4273 

AAGGCGCTTT TTGCTGCGGT GGTTGCCTAA GGTGGAAGGC ATGAAACGAA TGTGTGGGGT 4333 

CACGATCTCT TCAGTAGTTT TGCTAAGTGG GTGGTCCTCC AGTTCCAGCA CGCAGGTCGA 4393 



4394 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUBNCB CHARACTERISTICS: 

(A) LENGTH: 1257 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLBCOLB TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Leu Gin Leu Gly Leu Arg His Asn Gin Pro Thr Thr Asn Val Thr 
15 10 15 

Val Asp Lys lie Lys Leu Asn Lys Pro Ser Arg Ser Lys 61u Lys Arg 
20 25 30 

Arg Val Pro Ala Val Ser Ser Ala Ser Thr Phe Gly Gin Asn Ala Trp 
35 40 45 

Leu Val Asp Glu Met Phe Gin Gin Phe Gin Lys Asp Pro Lys Ser Val 
50 55 60 

Asp Lys Glu Trp Arg Glu Leu Phe Glu Ala Gin Gly Gly Pro Asn Ala 
65 70 75 80 

Thr Pro Ala Thr Thr Glu Ala Gin Pro Ser Ala Pro Lys Glu Ser Ala 
85 90 95 

Lys Pro Ala Pro Lys Ala Ala Pro Ala Ala Lys Ala Ala Pro Arg Val 
100 105 110 

Glu Thr Lys Pro Ala Ala Lys Thr Ala Pro Lys Ala Lys Glu Ser Ser 
115 120 125 

Val Pro Gin Gin Pro Lys Leu Pro Glu Pro Gly Gin Thr Pro lie Arg 
130 135 140 
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Gly lie Phe Lys Ser lie Ala Lys Asn Met Asp lie Ser Leu Glu He 
145 150 155 160 

Pro Thr Ala Thr Ser Val Arg Asp Met Pro Ala Arg Leu Met Phe Glu 
165 170 175 

Asn Arg Ala Met Val Asn Asp Gin Leu Lys Arg Thr Arg Gly Gly Lys 
180 1S5 190 

He Ser Phe Thr His He He Gly Tyr Ala Met Val Lys Ala Val Met 
195 200 205 

Ala His Pro Asp Met Asn Asn Ser Tyx Asp Val He Asp Gly Lys Pro 
210 215 220 

Thr Leu He Val Pro Glu His He Asn Leu Gly Leu Ala He Asp Leu 
225 230 235 240 

Pro Gin Lys Asp Gly Ser Arg Ala Leu Val Val Ala Ala He Lys Glu 
245 250 255 

Thr Glu Lys Met Asn Phe Ser Glu Phe Leu Ala Ala Tyr Glu Asp He 
260 265 270 

Val Thr Arg Ser Arg Lys Gly Lys Leu Thr Met Asp Asp Tyr Gin Gly 
275 280 285 

Val Thr Val Ser Leu Thr Asn Pro Gly Gly He Gly Thr Arg His Ser 
290 295 300 

Val Pro Arg Leu Thr Lys Gly Gin Gly Thr He He Gly Val Gly Ser 
305 310 315 320 

Met Asp Tyr Pro Ala Glu Phe Gin Gly Ala Ser Glu Asp Arg Leu Ala 
325 330 335 



Glu Leu Gly Val Gly Lys Leu Val Thr He Thr Ser Thr Tyr Asp His 
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345 



350 



Arg Val He Gin Gly Ala Val Ser Gly Glu Phe Leu Arg Thr Met Ser 
355 360 365 

Arg Leu Leu Thr Asp Asp Ser Phe Trp Asp Glu He Phe Asp Ala Met 
370 375 380 

Asn Val Pro Ty^ Thr Pro Met Arg Trp Ala Gin Asp Val Pro Asn Thr 
385 390 395 400 

Gly Val Asp Lys Asn Thr Arg Val Met Gin Leu He Glu Ala Tyr Arg 
405 410 415 

Ser Arg Gly His Leu He Ala Asp Thr Asn Pro Leu Ser Trp Val Gin 
420 425 430 

Pro Gly Met Pro Val Pro Asp His Arg Asp Leu Asp He Glu Thr His 
435 440 445 

Ser Leu Thr He Trp Asp Leu Asp Arg Thr Phe Ser Val Gly Gly Phe 
450 455 460 

Gly Gly Lys Glu Thr Met Thr Leu Arg Glu Val Leu Ser Arg Leu Arg 
465 470 475 480 

Ala Ala Tyr Thr Leu Lys Val Gly Ser Glu Tyr Thr His He Leu Asp 
485 490 495 

Arg Asp Glu Arg Thr Trp Leu Gin Asp Arg Leu Glu Ala Gly Met Pro 
500 505 510 

Lys Pro Thr Gin Ala Glu Gin Lys Tyr He Leu Gin Lys Leu Asn Ala 
515 520 525 



Ala Glu Ala Phe Glu Asn Phe Leu Gin Thr Lys Tyr Val Gly Gin Lys 
530 535 ■ 540 
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Arg Phe Ser Leu Glu Gly Ala Glu Ala Leu He Pro Leu Met Asp Ser 
5*5 5S0 555 ggo 

Ala He Asp Thr. Ala Ala Gly Gin Gly Leu Asp Glu Val Val He Gly 
565 570 575 

Met Pro His Arg Gly Arg Leu Asn Val Leu Phe T^n He Val Gly Lys 
580 585 590 

Pro Leu Ala Ser He Phe Asn Glu Phe Glu Gly Gin Met Glu Gin Gly 
595 600 605 

Gin He Gly Gly Ser Gly Asp Val Lys Tyr His Leu Gly Ser Glu Gly 
610 615 620 

Gin His Leu Gin Met Phe Gly Asp Gly Glu He Lys Val Ser Leu Thr 
625 630 635 640 

Ala Asn Pro Ser His Leu Glu Ala Val Asn Pro Val Met Glu Gly He 
645 650 655 

Val Arg Ala Lys Gin Asp Tyr Leu Asp Lys Gly Val Asp Gly Lys Thr 
660 665 670 

Val Val Pro Leu Leu Leu His Gly Asp Ala Ala Phe Ala Gly Leu Gly 
675 680 685 

He Val Pro Glu Thr He Asn Leu Ala Lys Leu Arg Gly Tyr Asp Val 
690 695 700 

Gly Gly Thr He His He Val Val Asn Asn Gin He Gly Phe Thr Thr 
705 710 715 720 

Thr Pro Asp Ser Ser Arg Ser Met His Tyr Ala Thr Asp Tyr Ala Lys 
725 730 735 
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Ala Phe Gly Cys Pro Val Phe His Val Asn 61y -Asp Asp Pro Glu Ala 
740 745 750 

val Val Trp Val Gly Gin Leu Ala Thr Glu Tyr Arg Arg Arg Phe Gly 
755 760 . 765 



10 



Lys Asp Val Phe lie Asp Leu Val Cys Tyr Arg Leu Arg Gly His Asn 
770 775 780 



IS 



Glu Ala Asp Asp Pro Ser Met Thr Gin Pro Lys Met Tyr Glu Leu He 
785 790 795 800 



20 



Thr Gly Arg Glu Thr Val Arg Ala Gin Tyr Thr Glu Asp Leu Leu Gly 
805 810 815 



2S 



30 



Arg Gly Asp Leu Ser Asn Glu Asp Ala Glu Ala Val Val Arg Asp Phe 
820 825 830 

His Asp Gin Met Glu Ser Val Phe Asn Glu Val Lys Glu Gly Gly Lys 
835 840 845 

Lys Gin Ala Glu Ala Gin Thr Gly He Thr Gly Ser Gin Lys Leu Pro 
850 855 860 



35 



His Gly Leu Glu Thr Asn He Ser Arg Glu Glu Leu Leu Glu Leu Gly 
865 870 875 880 



40 



Gin Ala Phe Ala Asn Thr Pro Glu Gly Phe Asn T/r His Pro Arg Val 
885 890 895 



45 



Ala Pro Val Ala Lys Lys Arg val Ser Ser Val Thr Glu Gly Gly He 
900 905 910 



SO 



Asp Trp Ala Trp Gly Glu Leu Leu Ala Phe Gly Ser Leu Ala Asn Ser 
915 920 925 

Gly Arg Leu Val Arg Leu Ala Gly Glu Asp Ser Arg Arg Gly Thr Phe 
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930 935 940 

Thr Gin Arg His Ala Val Ala lie Asp Pro Ala Thr Ala Glu Glu Phe 
945 950 955 960 

Asn Pro Leu His Glu Leu Ala Gin Ser Lys Gly Asn Asn Gly Lys Phe 
965 970 975 

Leu Val Tyr Asn Ser Ala Leu Thr Glu Tyr Ala Gly Met Gly Phe Glu 
980 985 990 

Tyr Gly Tyr Ser Val Gly Asn Glu Asp Ser Val Val Ala Trp Glu Ala 
995 1000 1005 

Gin Phe Gly Asp Phe Ala Asn Gly Ala Gin Thr lie lie Asp Glu Tyr 
1010 1015 1020 

Val Ser Ser Gly Glu Ala Lys Trp Gly Gin Thr Ser Lys Leu He Leu 
1025 1030 1035 1040 

Leu Leu Pro His Gly Tyr Glu Gly Gin Gly Pro Asp His Ser Ser Ala 
1045 1050 1055 

Arg He Glu Arg Phe Leu Gin Leu cys Ala Glu Gly Ser Met Thr Val 
1060 1065 1070 

Ala Gin Pro Ser Thr Pro Ala Asn His Phe His Leu Leu Arg Arg His 
1075 1080 1085 

Ala Leu Ser Asp Leu Lys Arg Pro Leu Val He Phe Thr Pro Lys Ser 
1090 1095 1100 

Met Leu Arg Asn Lys Ala Ala Ala Ser Ala Pro Glu Asp Phe Thr Glu 
1105 1110 1115 1120 

Val Thr Lys Phe Gin Ser Val He Asp Asp Pro Asn Val Ala Asp Ala 
1125 1130 1135 
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Ala Lys Val Lys Lys Val Met Leu Val Ser Gly Lys Leu Tyr Tyr Glu 
1140 1145 1150 

Leu Ala Lys Arg Lys Glu Lys Asp Gly Arg Asp Asp lie Ala lie Val 
1155 1160 1165 

Arg lie Glu Met Leu His Pro He Pro Phe Asn Arg He Ser Glu Ala 
1170 1175 1180 

Leu Ala Gly Tyr Pro Asn Ala Glu Glu Val Leu Phe Val Gin Asp Glu 
1185 1190 1195 1200 

Pro Ala Asn Gin Gly Pro Trp Pro Phe Tyr Gin Glu His Leu Pro Glu 
1205 1210 1215 

Leu He Pro Asn Met Pro Lys Met Arg Arg Val Ser Arg Arg Ala Gin 
1220 1225 1230 

Ser Ser Thr Ala Thr Gly Val Ala Lys Val His Gin Leu Glu Glu Lys 
1235 1240 1245 

Gin Leu He Asp Glu Ala Phe Glu Ala 
1250 1255 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc » "desc-"Synthetic DNA"" 



(iii) HYPOTHETICAL: NO 
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(iv) ANTI- SENSE: NO 



(xi) SEQOENCE DESCRIPTION: SEQ ID NO: 3: 
CTGTCTGAAG GATCGGTTCT 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(li) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "desk= "Synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4; 
GAGTGCTCAG GCCCCTGTCC CTCGTAACC 
(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECOLE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc - •desc-"Synthetic DNA" 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
GCTAGCCTCG GGAGCTCTAG 
(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) .LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc - "desc-"Synthetic DNA" 

(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: YES 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
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GATCTTTCCC AGACTCTGGC 

(2) INPORMATICMI FOR SBQ ID NO: 7: 

(i) SEQOENCB CHARACTERISTICS! 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc - "desc-" Synthetic DNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 
TAATGCCACC 6ACACCCACC 
(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc ■= "desc-"Synthetic DNA" 

<iii) HYPOTHETICAL: NO 
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(iv) ANTI- SENSE: YES 



(xi) SEQOENCE DESCRIPTION: SEQ ID NO: 8: 
TCAACGCCCA CATAGTGGAC 
(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nuclelc acid 

(A) DESCRIPTIMJ: /desc - "desc-"Synthetic DMA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GAATTCGCTC CCGGTGACGC 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
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(D) TOPOLOGY: linear 

(ii) MOLBCDLB TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "desc-"Synthetic DMA"" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI- SENSE: YES 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
GATGCAGAAT TCCTTGTCGG 
(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc - "desc-"Synthetic DNA"" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
GTCGACGGCG GACTTGTCGG 
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(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOUX3Y: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "desc-"Synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: YES 



(xi) SEQOENCE DESCRIPTION: SEQ ID NO: 12: 
GTCGACAAAA CCCAAAAAAA 
(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(A) DESCRIPTION: /desc - "desc=" Synthetic DNA" 

(iii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13 t 
* CTGCGGAAAC TACACAAGAA CCCAAAAATG ATTAATAATT GAGACAAGCT T 51 

(2) INFORMATION FOR SEQ ID NO: 14: 

JO 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 59 base pairs 

(B) TYPE: nucleic acid 

" (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 (ii) MOLECULE TYPE: Other nucleic acid 

(A) DESCRIPTION: /desc = "desc=" Synthetic DNA"» 

(iii) HYPOTHETICAL: NO 

25 

(iv) ANTI-SENSE: YES 



SO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

35 

CTAGAAGCTT GTCTCAATTA TTAATCATTT TTGGGTTCTT GTGTAGTTTC CGCAGGTAC 59 



40 

Claims 

1. A coryneform L-glutamic acid-producing bacterium deficient in a-ketoglutarate dehydrogenase activity due to 
45 occurrence of sut)stitution, deletion, insertion, addition, or inversion of one or more nucleotides in a nucleotide 

sequence of a gene coding for an enzyme having a-ketoglutarate dehydrogenase activity or a promoter thereof 
existing on chromosoma 

2. A method of producing L-giutamic add conrprising the steps of cultivating the coryneform L-glutamic add-produc- 
50 ing tiacterium according to daim 1 in a fiquid medium, to allow L-giutamic acid to be produced and accumulated in 

a culture liquid, anA collecting it 

3. A gene coding for an enzyme having a-ketoglutarate dehydrogenase activity originating from a coryneform L- 
glutamic acid-producing bacterium. 

65 

4. The gene according to claim 3, wherein the enzyme having a-ketoglutarate dehydrogenase activity has an amino 
acid sequence comprising an amino acid sequence shown in SEQ ID NO. 1 in Sequence Listing or an amirx) acid 
sequence having substitution, deletion, or insertion of one or more amino acid residues giving no influence on tiie 
a-ketoglutarate dehydrogenase activity in the amino add sequence. 
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A recombinant DNA obtained by ligating a gene coding for an enzyme having a-l<etogliJtarate dehydrogenase activ- 
ity originating from a coryneform L-g!utamlc add-produdng bacterium with a vector which functions in coryneform 
bacteria. 

A coryneform bacterium harboring the recombinant DNA according to claim 5. 

A method of producing Uysine comprising the steps of cultivating a coryneform bacterium harboring the recom- 
binant DNA according to claim 5 and having L-lysine productivity in a liquid medium, to allow Uysine to be pro- 
duced and accumulated in a culture liquid, and collecting it 
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